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Roughing Stand 
in our Bar Mills 


Alloy Steels of True Uniformity 


OWHERE in the world will you find steels of 

greater uniformity than those made under the 
Agathon name regardless of analysis. Nowhere will 
you find a stricter adherence to formula or more 
modernly equipped laboratories and mills. This ab- 
solute uniformity is reflected in substantial savings for 
users in machining operations. The services of our 
staff of expert metallurgists and practical steel men are 
at your command without charge. Use them. Send 
for our Agathon Alloy Steel handbook. 


The Central Alloy Steel Corp. 


Massillon, Ohio 


Cleveland Tulsa, Okla. 


Los Angeles 
Cincinnati 
St. Louis 


AGAT 


New Yor 
Philadelphia 


We have daily pro- 
duction in all kinds 
of Agathon Alloy 
Steels, such as— 


Nickel, Chrome- 
Nickel, UMA,Molyb- 
denum, Chrome- 
Moly bdenum- 
Nickel-Molybde- 
mum, Vanadium, 
Chrome - Vanadium, 
Chromium, ete. 


Deliveries in Blooms, 
Billets, Slabs, Hot 
Rolled, Heat Treated, 
and Cold Drawn 
Bars, Hot Rolled 
Strips, etc. 


OW 


ALLOY STEELS 
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NEW OFFICERS ELECTED 


“THE letter-ballot cast by the members of the American Society 
for Steel Treating was counted by the tellers of election on 
December 21. The report of the tellers of election is as follows: 
December 21, 1926. 
lo the Secretary, 
\merican Society for Steel Treating, 
1/0) Prospect Ave., 
Cleveland, Ohio. 
The Committee of Tellers submits the results of the balloting by the 
iembership for National Officers of the American Society for Steel Treating. 
Pursuant to the Constitution of the Society, the Committee of Tellers met 
t the headquarters of the A. S. S. T. at 4600 Prospect Avenue, Cleveland, on 
this day and counted the letter ballot cast for National Officers. 


The result of the ballot is as follows: Votes 
For President—l year—J. Fletcher Harper...... 1658 
For Vice-President—1 year—F. G. Hughes....... 1660 
For Secretary—2 years-——W. H. Eiscnman........ 1660 
For Member of Board—2 years—L. D. Hawkridge 1658 
For Member of Board—2 years—J. H. Nead .... 1660 
Scattering .votes—President 
Scattering votes—Vice-President 
Seattering votes—Secretary 
Seattering votes—Directors 
Defective votes 
Respectfully submitted, 
W. P. SYKEs. 
D. M. GURNEY. 
C. G. SHontTz, Chairman. 

The Board of Directors of the Society is composed of the newly 
elected officers, Dr. Zay Jeffries, treasurer, and the two directors, 
Xk. G. Guthrie and Hyman Bornstein, who hold over on the Board. 
i. M. Bird, past president of the Society, remains on the Board for 
one year. These new elections became effective January 1, 1927. 

Portraits of the Society’s officers appear on the following pages. 
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WASHINGTON AND THE WINTER SECTIONAL MEETING 


‘ ROM present indications, the Winter Sectional Meeting which 
I is to be held by the American Society for Steel Treating at 
Washington, D. C., January 20-21 1927, will be one of the most 
interesting and best attended of all sectional meetings held by 
the Society. The headquarters hotel is the Maytlower. 

Arrangements have been consummated for the board of di- 
rectors’ meeting and the various committee meetings to be held 





The National Capitol 


on the day preceding the official opening of the meeting proper 
and seven papers have been scheduled for presentation at the 
three technical sessions to be held on Thursday and Friday. The 
program of papers is given on page 12. 

The Early Bird’s dinner on Wednesday evening and the ban- 
quet on Thursday evening, are scheduled for 6:30 p. m. at the 
Mayflower, and Cosmos Club, respectively. 

Thursday and Friday afternoons will be devoted to inspec- 
tion trips and interesting tours have been planned for those who 
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desire to remain in the city on Saturday. It is expected that 
many of the members and guests will avail themselves of the op 
portunity to see the magnificent federal buildings, some of t) 
finest in the world, and to become somewhat cognizant of the tr 


mendous business of 


running the various departments of the 
yovernment of this country. 

Washington has an intellectual charm and an informal aris 
tocratic atmosphere which is perhaps not found in capitals else 
where in the world. It is a city definitely planned to be the capital 
Its broad streets and avenues furnish exce! 
lent facilities for public demonstrations of all kinds. 


of a great nation. 
Its elegant 
trees, flowers and open green spaces are everywhere prevelant and 
its magnificent marble buildings are decided civie assets and add 
to its physical beauty, and make it colorful, which is in marked 
contrast to the drabness of most large cities. 

It is one of the greatest intellectual centers in the world 
Kor here gather together people from every part of the globe in 
tent on studying the latest methods and ascertaining the newest 
developments in all enterprises known to the genius of man. 

To most visitors, the Capitol building is of especial interest 
for here may be seen the two branches of congress in session, thie 
Supreme Court of the United States sitting in full regalia, Stat 
uary Hall which contains the famous ‘‘ whispering gallery,’’ many 
interesting statutes of distinguished men from various states of 
the union and other art treasures; the Franzoni clock; the ro 
tunda with its allegorical paintings and the Rogers bronze doors 
which depict the life of Columbus. Here the citizen beholds lis 
government for here are made, interpreted and executed the laws 
of his Nation. The other buildings such as the Treasury, Patent 
Office, Bureau of Standards, Army and Navy Buildings and others 
too numerous to here mention,—these are but elaborations—su) 
sidiaries, to the Capitol which is the embodiment of America 
patriotism and citizenship. 

Those who are interested in novel methods of heating and 
ventilating large buildings, will find interest in examining thie 
unique method of heat radiation in this building. 

Close to the Capitol, is the Library of Congress which is said 
to be one of the finest interiors in America. The dome which 1s 
constructed of copper panelled with gold, may be seen from 
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distance and upon approaching the building the bronze Fountain 
of Neptune attracts the visitor’s attention. The three bronze 
entrance doors symbolic of printing, writing and tradition are 
well worth close observation. 

The entrance vestibule is of white Italian marble, and the 
ceiling, like the dome, is of B2-karat vold. Kurther on is the 
central stair hall, a magnificent interior, said to be the finest 
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ie entrance hall in the world. It is lined throughout with highly 
. polished Italian marble. A double marble staircase, beautifully 
7 decorated with miniature marble figures, leads to the landing on 
a the wall of which is Vedder’s Minerva, a mosaic in stone,—brilliant, 
oil colorful and symbolic of the wonderful achievements of human 


imagination and research. 

ls is significant that the architects, painters, sculptors and 
decorators who produced this marvelous building were all Amer- 
ican artists. 

To the Library of Congress are sent two copies of every 


publication for copyrighting. And he are CO eac h month two copies 
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of the TRANSACTIONS of the American Society for Steel Treatine 
to be filed for copyrighting. 

One of the most interesting and valuable institutions 
learning, research and the spreading of human knowledge. 
Smithsonian Institute and National Museum loeated in the Mal! 
on B Street. Its activities are devoted largely to science, inve: 
tion and exploration. It issues three publications for the di! 
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The Lincoln Memorial 


fusion of knowledge, carries on extensive intercommunication with 
learned societies and individuals and has over 60,000 correspond: 
ents scattered over the globe. Congress has by law made this 
stitution the Custodian of National Collections. 

For those who are interested in art, the Corcoran and Free! 
art galleries hold much attraction. The Freer Gallery especial!) 
contains much of interest and value to the student of the art of thie 
Far East for here may be seen over 1800 Chinese paintings done 
between 255 B. C. and the present time. There are also some 8\) 
Japanese paintings; potteries from China, Japan and Korea; stone 
and wood sculpture and bronzes; East Indian paintings, and 
Egyptian art works. Admirers of Whistler will be delighted with 
the Peacock room located in the Freer Gallery. 

Southwest from the Capitol, is situated Potomae Park wh 
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stretches along the river for more than two miles and at the upper 
end of the park stands the magnificent Lincoln Memorial, a great 
white strueture built in the form of a Greek Temple with 36 white 
marble eolumns 44 feet high. Truly a symbol of unity of the thirty- 
six states in the union which Lincoln succeeded in keeping intact 
The building is of such excellent proportions that its vast size is 
lost in its unity and symmetry. Occupying a position of honor 
on the axis of the Capitol and Washington Monument, it stands 
alone in its grandeur with nothing to mar the full view of its love- 
liness. Alone truly symbolic of the great, silent, lovable man in 
whose honor it was erected. 

Much eredit is due to Messrs. Burnham, MeKim and Saint 
(iaudens, three of America’s artist geniuses, not only for the ex- 
quisite Lincoln Memorial but for their work and artistry in earry- 
ing on and elaborating on the early plan of L’Enfant which has 
always been the basis of the Washington plan of development. 

The suburbs of Washington are historical and many interesting 
short trips may be made. 

Close by is Arlington, the National cemetery, situated on the 
Virginia side of the Potomac. It is one of the largest and most 
beautiful cemeteries in this country and here lie buried soldiers 
who fought in all the National wars from the Revolutionary to 
the World War. It is a shrine of American patriotism and sac- 
rifice. The Memorial Amphitheater was erected as a memorial 
to the soldier dead and as a suitable place for public services on 
Memorial day and other holidays commemorating the Nation’s 
dead. Here, too, may be seen the Tomb of the Unknown Soldier, 
the great dignified, silent tribute to all the soldier dead. 

One has not really seen Washington until he obtains a view 
of it from the Heights of Arlington House, General Lee’s former 
home. This is situated about 200 feet above the shores of the 
Potomac River. On the further shore of the Potomac rises George- 
town, far to the north are the towers of Soldier’s Home and to the 
south the quaint old city of Alexandria. Alexandria is located 
eight miles from Washington and was the metropolis of the Brit- 
ish Empire in the New World. It is famous for its revolutionary 
nistory and here at Carlyle House which was built by the English 

n 1752, Washington, from records contained in his diary, was a 
‘requent and welcomed visitor. Christ Church at Alexandria was 
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one of the oldest cemeteries in this country with old tombstones § historical 
bearing quaint inseriptions and dates long prior to Revolutionar ; Thes 
days. » on the sp 

Leaving Alexandria let us finish our journey to Mount Verno: So 1 
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Washington’s Mount Vernon Hom: think, t! 

and George Washington. The home was built in 1743. The | man | 
estate was purchased by the Mount Vernon Ladies Association in | Coopera 
1858 for $200,000.00. Thus the home and tomb of Washington has ple of tl 
added interest for its acquisition is the result of the patriotism F the valu 
work and vision of the women of America. in the s 
One of the most interesting rooms in the Washington hom ; the reas 

is the kitchen. The various other rooms contain much of interest | IS prima 
and many examples of fine Colonial art. Martha Washington * ; 6to be h 
garden is a delight to garden lovers. to each 
The memorial trees near Washington’s Tomb, which is @ owship 
simple structure of brick are of interest,—an elm planted by the » if nota 


Emperor of Brazil in 1876, the British Oak, Concord elm, the 
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German linden and the Phi Kappa Psi elm are only a few of the 


historical trees on the grounds, 
These are some of the interesting things which may be seen 
on the special tour which has been planned for Saturday, 


So it is in Washington that one may see the results of the 


whole gamut of man’s achievements from the astrophysical ob- 


servatory to the zoological park. Here to this charming city 


come 
scientific experts from all parts of the world t 


O pursue their re 


search and mingle with the intellectual elite. Erudite metal] 








The Mayflower 


lurgists, physicists, chemist 


Ss, authorities on all subjects from the 
liner construction of 


a base ball, which wins the pennant, to the 
carburizing of a piece of steel, used in an airplane to carry the 
vlad tidings to the world. may be found carrying on their work 
Yet in one thing all scientists agree, we 
think, that the greatest element 

man himself. We are making men, not things, in this country. 
Cooperation is one of the great secre 
ple of this mighty nation. 


the 


in various departments. 


of success is the human element 


ts of the success of the peo 
One of the first industries to recognize 
value of cooperation was the steel industry. 


It believes firmly 
In the slogan 


that what is good for one is good for all. That 


is 
the reason of the 


various meetings throughout the year and that 
IS primarily the purpose of the Winter S 


ectional Meeting which is 
to be held in 


Washington—the coming together of men to five 


‘o each other new ideas. inspiration, and extend the hand of fel 
oWship and to help those who 


have problems which seem difficult. 
if 


not almost impossible, to solve. Here will gather men who are 


(Continued on Page 14) 
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PROGRAM FOR WINTER SECTIONAL MEETING, HOTEL MA 
FLOWER, WASHINGTON—JANUARY 20-21, 1927 
WEDNESDAY, JANUARY 19 
9:30 A. M.—Meeting of Board of Directors. 
9:30 A. M.—Meeting of Publication Committee, H. M. Boylston, chairm 
6:30 P. M.—Early Bird’s Dinner and Theater Party—Mayflower. 
THURSDAY, JANUARY 20 


Morning Technical Session 
8:00 A. M.—Committee A4, A. 8S. T. M.—H. M. Boylston, Chairman 


9:00 A. M. to 10:00 A. M.—Registration. 
Chairman: J. F. Harper, Allis-Chalmers Mfg. Co., Milwaukee, Wisconsi 
10:00-10:40 A. M.—Review of the Metallurgical Activities of the Washi 
ton-Baltimore District—Emil Gathmann, president, Gat 
mann Engineering Company, Baltimore. 
10:40-11:20 A. M.—Wear Resistance of Cutting Edges of Blanking Die Parts 
and Shear Blades—W. J. Merten, metallurg‘cal engineer 
Westinghouse Electric and Manufacturing Co., Pittsburgh. 
11:20-12:00 A. M.—Iron-Carbon-Vanadium Alloy for Brinell Balls—G. \W. 
Quick, assistant metallurgist, and L. Jordan, chemist, 
Bureau of Standards, Washington. 
Afternoon Session 
1:30 P. M.—Inspection Trip.—U. 8. Naval Gun Factory, Washington 
Navy Yard or Baltimore Copper & Smelting Co. 
Evening Session 
6:30 P. M.—Banquet, Cosmos Club, Washington. 


FRIDAY, JANUARY 21 : 
Morning Technical Session 
Chairman: Robert M. Bird, G. F. Pettinos Co., Philadelphia 


Vice-Chairman: Dr. H. W. Gillett, Bureau of Standards, Washington 
10:00-11-00 A. M.—Centrifugal Casting of Steel 
editor of ‘‘ Mechanical Engineering 

neer, New York City. 
11:00-12:00 A. M.—Fundamental Research on Nonmetallic Inclusions in St 
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Leon Cammen, associat: 


’? and consulting engi 


—Dr. C. H. Herty, physical chemist, Bureau of Mines Ex 
periment Station, Pittsburgh. 
Afternoon Session 
1:30-5:00 P. M.—Inspection Trip.—U. 8S. Bureau of Standards Resear! 
& Testing Laboratories or Crown Cork and Seal Compan) 
or Baltimore Metal Lithographing & Stamping Co. 
Evening Technical Session 
Chairman: Dr. G. K. Burgess, director of Bureau of Standards, Washingto! 
Vice-Chairman: P. E. McKinney, U. S. Naval Gun Factory, Washington 
8:00-8:30 P. M.—Progress in the Study of Normal and Abnormal Ste: 
S. Epstein, associate physic:st, and H. S. Rawdon, physicist, 
Bureau of Standards, Washington. 
8:30-9:00 P. M.—Normality of Steel 
research department, Central Alloy Steel Co., Canton, V. J. 
9:00 P. M.—Joint Discussion. 


SATURDAY, JANUARY 22 
Special Tours of Washington. 








J. D. Gat, metallurgical engin 
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LEON CAMMEN W. J. MERTEN 


DR. C. H. HERTY G. W. QUICK 


J. F. HARPER DR. G. K. BURGESS R. M. BIRD 


SOME OF THE AUTHORS AND CHAIRMEN PARTICIPATING IN THE TECHNICAL 
SESSIONS AT THE WINTER SECTIONAL MEETING 
WASHINGTON, JANUARY 20 AND 21, 1927 
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interested in steel, its manufacture, heat treatment and uses 
They will add to the knowledge and wealth of the world and t. 
the well-being, comfort and happiness of all human beings. | 
will, indeed, be the beginning of a happier and better new yea: 


TECHNICAL PAPERS PROGRAM 


— the program as printed on page 12 it will be observed tha 
there are seven papers scheduled on the technical progran 
which has been divided into three sessions—Thursday morning 
Kriday morning and Friday evening. 


A brief abstract of each of these papers is as follows: 


‘Review of Metallurgical Activities of the Washington-Baltimore District.’ By Emil 

mann, president Gathmann Engineering Company, Baltimore. , 

Mr. Gathmann presents a general review of the historical and up-to-date metallurgi: 
activities in the territory now embraced by our Washington-Baltimore Chapter. When tl 
research work of the Bureau of Standards and the Naval Gun Factory is taken into co! 
sideration, the present-day metallurgical activities of this district may be said to cover 
fields the world over in which the art of metallurgy is known or practiced. 
‘‘Wear Resistance of Cutting Edges of Blanking Dies and Shear Blades.” By W. J. Merter 

metallurgical engineer, Westinghouse Electric and Manufacturing Co., Pittsburgh. 

Mr. Merten shows and discusses the effect of shearing and blanking of sheets and plat 
upon the cutting edge of shear blades and die parts when these sheets and plates are cover 
with hammer or roll scale (Feg04), or when an intensely hard and abrasive constituent 
regularly but profusely scattered or dispersed through it, such as iron silicide (FeSi) in sil 
con sheet. He gives a review of the various methods employed to hinder fragmentation 
the hard crystals and inbed them when fractured so as to avoid and neutralize their grindi1 
effect upon the cutting edge. He discusses the utility of uniformly hard die parts for bu 
less blanking and shear cutting. He has also discussed the importance of die design for 
taining long life of the cutting edge, which is equivalent to the large scale production of 
punching free from burrs. Severe deformation of the crystal structure by the 
punch parts not evidenced by burr formation is also illustrated. 
‘“Iron-Carbon-Vanadium Alloy for Brinell Balls.” By G. W. Quick, assistant 

and L. Jordan, chemist, Bureau of Standards, Washington, D. C. 

The authors discuss a special iron-carbon-vanadium alloy of about 2.9 per cent carb 
and 13 per cent vanadium having been experimentally used for Brinell balls in the testing 
steels of such hardness as cause ordinary Brinell balls to deform both elastically and plas 
tically. These special balls, heat-treated, work-hardened, and tested against steels of ay 
proximately 700 Brinell, flattened about one-half as much as Hultgren balls and one-fifth 
much as ordinary Brinell balls. The opinion that the hardness obtainable in a plain carb 
steel by combined heat treatment and cold-work is the maximum hardness to be secured | 
such treatments, irrespective of the composition of the steel, is shown to be untrue. Th 
difference in flattening between iron-carbon-vanadium and Hultgren balls does not, howe 
appreciably affect the hardness number of steels up to 700 Brinell. 


“Centrifugal Casting of Steel.”” By Leon Cammen, associate editor of Mechanical Engine: 
ing and consulting engineer, New York. 

The first part of the paper deals with the more familiar subject of centrifugal tub 
casting, which is a comparatively old art, and shows its present and prospective field of ay 
plication and limitations, particularly where centrifugal tube casting comes into competitio: 
with the piercing process. The second part of the paper is devoted to the new art of cent! 
fugal bar casting, affecting the entire steel industry. Its importance lies in its ability t 
produce metal of better quality at a cost estimated to be from $3.50 to $8.50 per ton low 
than present methods. The mechanical and metallurgical features of the process are ex 
plained, and the machinery employed is described and illustrated in some detail. 
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‘‘Fundamental Research on Non-Metallic Inclusions in Steel Manufacture.” By C. H. Herty, 


Jr., physical chemist, U. S. Department of Commerce, Bureau of Mines Experimen 

Station, Pittsburgh. 

The author classifies the problems encountered in the making of steel and points out 
that the field for fundamental research in its manufacture is astounding in its magnitud 
and intricacies, and that any discussion of the various processes of manufacture and th« 
problems which arise becomes exceedingly involved and voluminous. The writer has _ ther: 
fore limited his paper to a consideration of the fundamental research which deals primarily 
with slag-metal reactions, giving particular attention to the formation and elimination 
nonmetallic inclusions formed from manganese, silicon and aluminum. He is of the opinior 
that the problem of solid nonmetallic inclusions in steel is an important one to the manu 
facturer of this commodity and sets forth the two main lines along which, in his estimatior 
it is necessary to work to eliminate it. The author hopes that general cooperation along thi 
line of research will result in a solution of the momentous question of “‘solid nonmetalli: 
inclusions in steel.”’ 
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Progress in Study of Normal and Abnormal Steel.”” By 8S. Epstein, associate physicist, and 
H. S. Rawdon, physicist, Bureau of Standards, Washington, D. C, 
The authors discuss and define the meaning of the terms, normal and abnormal steel 
characteristics of the normal and abnormal structure in carburizing steel and tool steel 


illustrated. It is shown that under certain quenching conditions abnormal steel is more 
ne to give soft spots than normal steel, but that with drastic quenching in brine or in a 
lium hydroxide solution, it is possible to completely prevent the formation of soft spots 
both normal and abnormal steel. It is shown that normality and abnormality have their 


gin in the deoxidation procedure of steel making and that in particular additions of 
inum and ferrovanadium in the mold produced abnormality 


Vormality of Steel.’’ By J. D. Gat, metallurgical engineer, research department, Central 
Alloy Steel Corporation, Canton, QO. 
This paper was written in order to bring about better understanding of the term 
nality ot steel’’ and properties possessed by steels classified as abnormal, After con 
ting some experiments to demonstrate the behavior of steels having different grain size 
i amounts of segregated cementite, the writer dwells on the properties of ‘‘cementiti 
ng’ present in abnormal steels and comes to the conclusion that resistance to uniform 
iening is caused by high oxygen content forming a eutectoid alloy with the constituents 
iustenite 


All of these papers have been preprinted and are available to 
all members of the Society upon request to the National Office, 4600 
Prospect Avenue, Cleveland, Ohio. 


THE QUARTER-CENTURY ANNIVERSARY CELEBRATION 
OF THE BUREAU OF STANDARDS 


‘T the celebration of the twenty-fifth birthday of the United 
A States Bureau of Standards held in Washington on December 
}, 1926, many distinguished men and women were present to do 
honor to the occasion. 

During the day, the staff kept ‘‘open house’? and welcomed 
their friends and cuests who availed themselves of the opportunity 
of visiting the Bureau and becoming acquainted with the work that 
it is doing. The beautiful and efficient laboratories were open for 
inspection and visitors were told of the various researches in prog. 
ress in these laboratories. 

The dinner given by the staff in the evening at the New Wil 
lard Hotel was attended by about 450 members and guests. 

Dr. Burgess, the Director of the bureau acted as toastmaster, 
and men who are prominent in the affairs of the Bureau and who 
were instrumental in developing it to its present capacities, gave 
interesting and inspirational talks on what the Bureau had con- 
tributed to the welfare of this country since its inception, twenty- 
five years ago. 

The Honorable Herbert Hoover, secretary of commerce admin 
istering the Bureau, in making the first address on the program 
set forth how the Bureau had, through its development of science, 
especially along the field of the development of standards, con- 
tributed much to the well-being and wealth of this nation. He par- 
ticularly stressed the value of the development of precision both in 
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thought and in its application to measurement. He is of the opinio 
that precision of thought is of greatest fundamental value to t] 
development of science, and that through science may be develop: 
the greater use of resources and by the use of precision machine) 
man has more leisure in which to develop and enjoy the fin 
things in life and thus constantly raise the standard of living 

In concluding, Mr. Hoover said that he is of the opinion tha 
even though our population is increasing rapidly, the standard « 
living may be maintained and even raised if agencies such as t] 
Bureau of Standards are supported in the excellent work they ai 
carrying on. 

In this connection it might be of interest to know that the aj 
propriation of the Bureau of Standards is about two and a quarte 
millions of dollars per year and that this is far in excess of th: 
income of most large universities. This would indeed indicate that 
much importance is attached to the work of the Bureau in furthe. 
ing the scope of science indeed it is indicative of the value place: 
upon the development of science to affairs pertaining to the prog 
ress of the world as it is more than national—it is international i: 
its scope. 


Dr. F. A. Wolf, who is a charter member of the Bureau, gav: 


very existence and up to the present time. 

G. B. Cortelyou, a former secretary of commerce, in his tall 
lauded the men who had carried on the splendid work of this in 
stitution. He called especial attention to the men who quietl) 


and unhonored by the public whom they so faithfully serve. TH: 
also touched upon the tremendous scope of the work of this insti 
tution and pointed out how it touched every phase of industria 
life. 

Dr. S. W. Stratton, a former Director at the Bureau, called at 
tention to the cooperation existing between the Bureau and th 
other departments of the government. 

It will be the privilege of the members and guests of th 
American Society for Steel Treating in attendance at the Winte! 
Sectional Meeting to visit the laboratories of the Bureau of Stand 
ards on Friday afternoon, January 21. 


wu history of its activities from its early beginnings when it was 4 
part of the Coast Survey down through the time it fought for its 


worked at their desks and in the workshops—unknown, unsung 
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THE DECOMPOSITION OF THE AUSTENITIC 
STRUCTURE IN STEEL* 


By Ratepo L. DOWDELL AND Oscar E. HaArprER 


PREFACE 


‘TT HIS study on the decomposition of the austenitic structure 
in steels has been arranged under six main divisions or 
arts, and are to appear in TRANSACTIONS serially. The divisions 
ire as follows: 
I. The decomposition of austenite during quenching. 

Il. The decomposition of austenite in liquid oxygen. 

lll. The effect of tempering (drawing) temperature on the 

decomposition of austenite. 

[V. The effect of stress on the tempering changes and de 

composition of austenite. 

V. X-ray studies on the decomposition of the austenitic 

structure in steel. 
: VI. Proposed theory of the hardening and tempering of 
steel. 

It is believed by the writers that a brief summary of the 
vork done by previous investigators is advisable before entering 
nto the written discussion of these articles. A large amount of 
esearch work has been accomplished in this field, but only the 

) researches which the writers believe to be of most importance have 
been ineluded in this preface. 
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“This and the following articles on The Decomposition of the Austenitic Structure in Steel 
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nts of the Graduate School of the University of Minnesota for the degree of Doctor of 
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A paper presented before the eighth annual convention of the Society, 
1 icago, September 20 to 24, 1926. Of the authors, Dr. R. L. Dowdell is 
ssistant professor of metallography and Dr. O. E. Harder is professor of 

allography, University of Minnesota, Minneapolis. 
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whom are associated with the University of Minnesota, for aid 
in the work: Miss Carrie Green, David Crowther, Thomas | 
Hughes, Professor George C. Priester, Fred Teal, and Dr. L. 
Weber. 

EK. C. Bain very kindly supplied samples of the ‘‘high chr: 
mium’’ steel which he had used in one of his researches, (TRANS 
ACTIONS, A. 8. 8S. T., vol. 5, p. 89, 1924). 


WorK BY PREVIOUS INVESTIGATORS 

1. MicrocoNsTITUENTS.—The phases which are known to ex 
ist in the iron-carbon system have been identified and their prop 
erties studied by many investigators. Certain microconstituents 
are now generally recognized and will be discussed below. 

a. Ferrite-—The term ferrite was coined by Howe to repr 
sent the nearly pure iron matrix of a thoroughly annealed low 
earbon steel which is stable at room temperature. In plain ear 
bon steels the ferrite probably contains small amounts of silicon, 
manganese and carbon in a state of solid solution. 

Kerrite is readily etched in the common steel etching re 
agents and on mild etching exhibits a grain structure similar to 
pure metals. On continued etching this practically pure iron 
(alpha iron) is darkened and develops many cubic ‘‘etching pits”’ 
indicating its crystallinity. 

Hull’ determined the lattice parameter on fine filings of pure 
electrolytic iron and also on a fine powder obtained by the reduc 
tion of Fe,O, in hydrogen and found that these alpha irons hav 
a body-centered cubic lattice with a parameter of 2.86 A units 
(one A unit is equal to 10-* em.). 

Wever® found that the alpha lattice for electrolytic iron and 
annealed steels of 0.07, 0.56, and 0.86 per cent carbon all gave 
the same lattice parameter of 2.863 A. There is a magnetic 
change in ferrite at.about 1410 degrees Fahr. (767 degrees Cent. 
and above this temperature it has sometimes been referred to as 
beta ferrite but later researches, particularly X-ray analysis, indi 
cate that there is no space lattice change at this temperature. 

b. Cementite——The term cementite was also coined by Howe 
to represent the hard and brittle white constituent to which the 
formula Fe,C has been given. 





‘Physical Review, 1917, Vol. 10, No. 6, pages 661-696. 
*Zettschrift fiir Electrochemie, 1924, Vol. 30, page 370, 
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Honda® rediscovered and studied a critical point in cementite 
which had previously been noted by Mme. Curie and which is 
known as the Curie A,. This point was found by magnetie anal 
vsis and occurs during heating or cooling at 420 degrees Kahr 
(215 degrees Cent.) Honda states that this transformation is 
similar to the A, in not being a change of phase and that it always 
‘terminates or commences at the same temperature.’’ 

Westgren and Phragmen,! showed that the X-ray erystallo 
cram of cementite contained a large number of lines and the 
space lattice was practically unsolvable by the powder method. 
The erystallogram of cementite from annealed steel, unannealed 
steel (lamellar pearlite), cast iron, spiegeleisen, and cohenite 
cementite from meteorites) all gave the same pattern. On meas- 
uring a plate of spiegeleisen of 13.1 per cent manganese, 5.1 pel 
cent earbon and 9.05 per cent silicon with a goniometer, the erysta! 
lattice was found to be that of an orthorhombic parallelopiped 
with an axial ratio of: 


& ths & 7a 3: 406: I 


Sj. 2? t & $518 A : 5.069 A : 6.736 A 


‘rom rotational erystallograms of cementite by the Laue method 
it was found that the crystal contains four molecules of Fe,C 
and these data give a calculated density of 7.68+0.05. 

c. Austenite—The microconstituent austenite was named by 
Osmond® in honor of the researches of Roberts-Austen one of the 
pioneers in the field of physical metallurgy. Researches on austen- 
ite, using the X-ray method of analysis, by Westgren,® Westgren 
and Phragmen,’ Jeffries and Archer,’ and Bain,’ indicate that 
iustenite is a solid solution of carbon in gamma iron. 

More recently Westgren and Phragmen’®? concluded from 


Science Reports, Tohoku Imperial University, 1922, Vol. XI, No. 2, pages 119-130 


‘Journal, Iron and Steel Institute, 1924, Vol. 109, pages 159-174 


Bulletin de Societié d’Encouragement, Vol. X-4, 1905, page 480. 


Journal, Iron and Steel Institute, 1921, Vol. 103, No. 1, pages 308-325. 


Journal, Iron and Steel Institute, 1922, Vol. 105, No. 1, pages 241-262 

*Chemical and Metallurgical Engineering, 1921, Vol. 24, page 1057. 

Journal, American Institute of Mining and Metallurgical Engineers, New York Meeting, 
ruary 1924, 


“Journal, Iron and Steel Institute, 1924, Vol. 109, pages 159-174. 
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their researches that the lattice dimensions of austenite iner 

in size with rising carbon content; in this respect austenite 
pears to differ from ferrite. They also postulate that this aust 
itic solid solution is not formed by simple substitution of me 
atoms by carbon atoms in the gamma face-centered cubic latt 
but that the carbon atoms are situated in the interstices betwee 
the metal atoms. The above theory was advanced because {)) 
density as caleulated from X-ray data on an austenitic manganes 
steel showed a value of 7.36 if the carbon atoms replace an equa 
number of the metal atoms, and a value of 7.83 when the ear}o: 
atoms occupy the interstices between the metal atoms. This |:si 
value was checked exactly by the regular density determinations 
Westgren and Phragmen have also made X-ray measurement: 
at elevated temperatures. Electrolytic gamma iron interfere) 
were determined at temperatures of 1100 and 1425 degrees Cent 
and found to be 3.63 A and 3.68 A units respectively. Pure 

at 1472 degrees Fahr. (800 degrees Cent.) gave 2.90 A units 
They also found that the side of the elementary cube of a 2) 
per cent nickel steel containing 0.24 per cent carbon was 3.56 \ 
when water quenched from 1832 degrees Fahr. (1000 dem 
Cent.) <A 22.3 per cent nickel steel containing 1.18 per cent 
carbon showed 3.64 A. From these results they concluded | 
carbon increased the lattice. 

Wever has shown! that for a series of manganese steels 
varying from high manganese with low earbon (19.08 per cent 
manganese, 0.30 per cent earbon) to low manganese with hiv! 
earbon (2.06 per cent manganese, 1.90 per cent carbon) the 
tice parameter of the gamma solution varied from 3.597 to 3.64 
A. The specific volume of the series varied from 0.1262 to 0.12s* 
for the high and low manganese steels respectively. 

d. Martensite-——The microconstituent martensite was nal 
by Osmond in honor of Professor Martens. Osmond" originall\ 
applied the term hardenite to the microconstituent that separate: 
from the austenite when an austenitic structure was subme! 


martensite. 


“Zeitschrift fiir Electrochemie, 1924, Vol. 30, page 376. 


“Bulletin de la Societié d’Encouragement, Vol. X-4, 1905, page 480. 


in liquid oxygen. This structure is now generally known a: 
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In Stead’s'’® translation of Osmond’s work the following 
statement is made: ‘‘In liquid air austenite is transformed with 
increase of volume into hardenite. After a few minutes the pol 
ished specimen containing austenite swells in slight relief above 
the hardenite.’” Osmond defined hardenite as a saturated marten 
site which had a mesial rib that etched more deeply. 


At the pres- 
ent time most metallurgists associate these nee 


dles with marten 
site. 


The theory has been advanced by Jeffries and Archer™ that 
freshly formed martensite consists of a solid solution of earbon 
in very fine grained alpha iron. They claim that the hardness 
is due principally to the grain refinement of the ferrite but 
partly to the carbon. 

In a recent questionnaire sent out by Sauveur™ and 
y twenty-three metallurgists, it seems that there 


answered 
is a considerable 
difference of opinion as to whether carbon or carbide IS present 
in austenite and martensite. The experimental evidence on the 
question is exceedingly small and this state of information is 
probably responsible for the widely different opinions. 

llowever, Westgren,’® and Westgren and Phr: igmen,'’ state 
irom X-ray evidence that in martensite. iron is in the form of 
its alpha modification and that the diffused charac ter of the 
in the erystallograms gives important information 


lines 


as to the strue 
ture of martensite because Scherrer!’ has shown that the 


a Debye-Scherrer erystallogram get broader and more 
| 


lines of 
diffused 
n proportion as the erystal powder is more finely divided. The 
lines from a gold colloid seem to resemble martensite in breadth. 

Westgren and Phragmen?’ reported lattice parameters of 2.90 
\ for a 1.98 per cent carbon steel quenched in water from 1832 
legrees Fahr. (1000 degrees Cent.) and from 2012 degrees Fahr. 
1100 degrees Cent.) On quenching the above steel from 1400 


degrees Fahr. (760 degrees Cent.) the m: irtensite had a value of 


~.88 A which indicated that the martensite contained alpha iron 


“Microscopic Analysis of Mctals Second Edition, 1913. Griffin & Co.. London 


“Chemical and Metallurgical Engines ing, 1921, Vol. 24 


,» page 1057 


‘Paper No, 1532-C issued with Mining and Metallurgy, February 1926. 


“Journal, Iron and Steel Institute, 1921, Vol. 1038, No. 1, pages 305-825 


“Journal, Iron and Steel Institute, 1922, Vol. 105, No. 1, pages 241-62. 


“Physical Zeitschrift, Vol. 18, 1917, pages 291-483. 
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Another plain carbon steel of 1.25 per cent carbon showed 

value of 2.88 A when quenched in water from 760 degrees Cent. 
These results seem to indicate that the parameter depends up 


the amount of carbon in solution and the quenching temperatu: 

Westgren’® submerged the austenitic manganese and nicke 
steels (2 millimeter rods), previously mentioned, in liquid ox) 
The manganese steel showed no change when X-rayed, bu’ 
He described the pat 
tern as follows: ‘‘the gamma lines still existed but were diffuse 
and unsharp, indicating that the steel had become extremely finel) 
crystalline in structure.’’ He also stated that alpha iron pro 
duced by this treatment had a lattice parameter of only 2.81 A 
while the gamma lattice changed from 3.58 to 3.54 A. Mierv 
scopic examination of the specimen showed that about one-hal! 
of the original austenitic structure was changed to the white lance 
shaped needles. 


gen. 


the nickel steel was materially changed. 


Fink and Campbell*® have reported in drastically quenched 
eutectoid and hypereutectoid carbon steels a erystal structure 
which seemed to be body-centered tetragonal in which structure 
the average of (a) was 2.85 A and the value of (c) 3.02 A. 
These values correspond to an axial ratio of 1.06. Bain, however 
discussed the paper by Fink and Campbell and referred to his 
previous lectures on the mechanism of the allotropie change from 
the gamma to the alpha lattice and called attention to the fact 
that the body-centered arrangement in the gamma lattice is at 
first tetragonal with an axial ratio of 1.414 and suggested the 
possibility that the final condition in martensite is an incomplete 
transformation to the ‘‘ perfectly cubically crystallized alpha iron.’ 
It is interesting to note that the figures by Fink and Campbell 
show that the a axis has increased from 2.55 to 2.85 A while the 
e axis has decreased from 3.60 to only 3.02 A. 

e. Troostite-—Troostite was named by Osmond, in honor 0! 
Professor Troost, to represent the dark etching constituent found 
in quenched and mildly tempered steels. Hanemann, Lucas, ani 
others have shown micrographs of two varieties which are found 
in both quenched and tempered steels. One variety is acicular. 
in this regard similar to martensite, but etches very dark, while 
the other forms irregular rounded patches. It is generally ac- 

19Journal, Iron and Steel Institute, 1921, Vol. 103, No. 1, pages 717-754. 


*°TRANSACTIONS, American Society for Steel Treating, 1926, Vol. 9, No. 5, pages 717-754 
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OF AUSTENITE 
epted that troostite forms in carbon steels on tempering marten 
site in the range 212-500 degrees Fahr. (100-260 degrees Cent. 

Benedicks”: stated that ‘‘troostite as regards electrical resist 
anee and specific volume behaves as pearlite;’’ i. e. as a mechan 
‘al mixture of iron and cementite. 

Jeffries and Archer** have stated that in the tempering of 
martensite, ferrite grain growth, the carbide precipitation, and 
rowth of cementite particles take place. The ferrite grain growth 
causes softening while the Fe,C precipitation causes hardening. 

Some of the investigators agree in the statement that there 
is a progressive change involved when a white or a light colored 
iicular martensite is tempered. In this progressive tempering 
below the Ae, transformation, there are probably two important 
reactions: first precipitation, and second coalescence of carbide 
particles. As revealed by microscopic and physical tests, the ear 
bide particles coalesce to larger and larger particles until the 
distinct spheroidal form can be easily identified under the micro 
scope. 

In 1906 Heyn and Bauer** discussed osmondite and sug 
vested that it be placed between troostite and sorbite. Aceording 
to the definition given by the authors, it is merely a state of the 
steel exhibiting a maximum content of troostite and thereby pre 
senting a maximum speed of etching or solution in acids. Frankel 
und Heymann** state that in the course of time, from the basis 
of kineties, the presence of an iron carbide of high carbon con 
tent (FeC,.,,) will probably be established. However, it is be 
lieved by most metallurgists that osmondite and troostite are es 
sentially the same and contain the same carbide, Fe,C. 

2. EFFECT OF QUENCHING ON THE AUSTENITIC STRUCTURE.- 
\lany investigators have shown that martensite needles, fairly 
wide and flat, can be formed in an austenite groundmass by quench 
ng high carbon steels from a rather high temperature. It is the 
vriters’ opinion that these so-called needles are really plates 
formed along the octahedral slip planes of the austenite which 
ippear on a polished and etched surface either as narrow or 


‘Journal, Iron and Steel Institute, 1908, No. 2, Part 2, pages 917-256 


Chemical and Metallurgical Engineering, 1921, Vol. 24, page 1057 


Stahl und Eisen, 1906, page 782; Revue de Metallurgie, 1911, Vol. 8, page 417 


“Zeitung fur Anorg. Chemie, 1924, Vol, 134, pages 187-171, 
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wide plates which most frequently form an angle of 60 or 12\) 
degrees to each other. If the carbon content is around 1.7 po 
cent and the quenching temperature in the neighborhood of 2012 
degrees Fahr. (1100 degrees Cent.), it will be found that at roo: 
temperature there will be roughly equal amounts of martensi! 
and austenite by volume, the austenite being the groundmass 

Benedicks*® reported that the natural color of this needle or 
lance shaped martensite was slightly darker than the austenit 
in a polished specimen. If the specimen was allowed to star 
in the air the austenite was found to be rusted while the marten 
site remained untouched. This agrees with Osmond’s*® conelu 
sion that, on etching, martensite is whiter than the austenitic 
groundmass which usually etches with a yellowish tint. 

In Osmond’s*® classical work on the ‘‘ Microstructure of Ca: 
bon Steels,’’ it was stated that ‘‘the mechanical pressure togethe: 
with osmotic pressure, may be the determining factor in the oc 
currence of austenite.’’ This conclusion was based upon quench 
ing tests. 


Maurer**’ in 1908 reported an investigation similar to tli 
work of Osmond and stated that on cooling the austenite passes 
to a martensitic state which is different from that which is pro 
duced on tempering. 

In 1912 Hanemann** quenched a carbon steel of 1.79 per cent 
carbon with 0.6 per cent manganese. After quenching the speci 
men was cut in two. One piece was submerged in liquid air while 
the other remained as quenched. Upon etching the submerged 
piece he found that some of the needles etched darker and son 
lighter than the groundmass of austenite while the piece not sub 
merged showed only the dark needles. He concluded that tli 
dark needles were in the tempered condition and found that they 
were etched below the surface of the austenite while the ‘‘ whitisl 
light blue’’ needles were in relief in the light yellow groundmass 
of austenite. 

Bain and Jeffries®® stated that a high speed steel quenched 


*SJournal, Iron and Steel Institute, 1908, No. 2, Part 4, pages 217-56 
* Bulletin de la Societie d’Encouragement 4, 1905, Vol. 10, page 480. 
*7Revue de Metallurgie Memoirs, 5, 1908, pages 715-750. 

28 nternati: nal Zeitung fur Metallographie, 1912-13, Vol. 3, pages 127-41. 


*Jron Age, 1923, Vol. 112, page 805 
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from 2350 degrees Fahr. showed the alpha and gamma patterns 
in equal intensity but on rapidly immersing the specimen in liquid 
ur (twenty eycles from room temperature to —300 degrees Fahr. 

180 degrees Cent.) there was no observable effect on the austen 
tie eontent of the steel or on the intensity of the patterns. 


30 


Honda and Idei*® and Bain*' have reported the spontaneous 
formation of martensite from austenite at room temperature. 

Hanemann and Schrader** recently stated that they rapidly 
quenched and immediately polished a steel of 1.52 per cent ear 
bon. After a short interval at room temperature, martensite ap 
peared here and there in relief on the specimen. 

Hanemann* stated that since the martensite (light colored 
needles) which was formed in liquid air formed from the austen 
ite, it was believed that the same thing happened in quenching 
because here also the martensite separates out in the Widman- 
statten form along the octahedral slip planes of the austenite. 
Specifie gravity determinations on eight-gram specimens showed 
a decrease of approximately 0.1 in density after the specimens 
were submerged in the liquid oxygen. He stated that the density 
decrease was due to the martensite formed which had the largest 
volume of the microconstituents. He also stated that if the marten 
site needles produced in liquid air were tempered, they showed 

carbon content considerably less than the mother austenite. 

In earlier work Hanemann* noted that when a 1.5 per cent 
carbon steel containing 0.3 per cent manganese was quenched from 
a temperature between 1922-2192 degrees Fahr. (1050-1200 de 
vrees Cent.), the middle of the piece contained some wide needles 
of martensite while towards the edge they were more numerous 
and right on the edge the greatest amount of martensite predom- 
inated. He concluded that this edge structure was due to deear- 
hurization and did not mention the stress factor. 

Rawdon and Epstein** stated that the coarseness of the marten- 
sitic structure appeared to be determined almost entirely by the 

Se tence Reports, Tohoku Imperial University, 1920, Vol. 9, pages 491-507; Ibid 1925, 

14, pages 165-72. 

“Chemical and Metallurgical Engineering, 1922, Vol. 26, page 543. 

TRANSACTIONS, American Society for Steel Treating, 1926, Vol. 9, No. 2, pages 169-232 


“International Zeitung fiir Metallographie, 1912-13, Vol. 3, pages 127-141 


‘Stahl und Eisen, 1912, Vol. 32, page 1397, 


Scientific Paper of U. S. Bureau of Standards, No. 452, 1923 
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quenching temperature. ‘This work was recently confirmed }) 
Whiteley®*® who stated that the size of the crystallites of marten 
site increased with the grains from which they were formed. 

Dejean,** Portevin and Garvin,** Chevenard,*® and others 
have shown that when a high carbon steel is rapidly quenched 
the normal Ar, transformation is lowered to a temperature 0! 
072 degrees ahr. (300 degrees Cent.) and below. This trans 
formation Portevin called Ar” and considered it to represent thie 
formation of martensite from austenite. This transformation ix 
accompanied by an evolution of heat and an increase in volume 

Portevin and Garvin** found that in quenching eutectoi( 
steels the cooling rate required for the retention of martensite 
(greatest hardness) was less drastic than for either hypo- or 
hypereutectoid steels. They found that the critical rate of quencl: 
ing (T) was 6.9 seconds for cooling through the range 1292-39” 
degrees Fahr. (700-200 degrees Cent.) for a steel containing 1.07 
per cent carbon and 0.08 per cent manganese when quenched 
from an initial temperature of 1382 degrees Fahr (750 degrees 
Cent.). If the rate of cooling was slower a critical point desig- 
nated as Ar’ occurred at about 1202 degrees Fahr. (650 degrees 
Cent.) and the centers of specimens over 14 millimeters in diam 
eter contained troostite. If the rate of cooling was faster than 
6.9 seconds the point Ar” of smaller magnitude than Ar’ was 
encountered at about 572 degrees Fahr. (300 degrees Cent.) ani 
the structure consisted almost entirely of coarse white needles 
in a groundmass believed to be austenite. 

Honda*® assumes that austenite decomposes on cooling accord 
ing to the ‘‘stepped’’ reaction: 


AusteniteMartensite— Pearlite 


On cooling a carbon steel in air the end point, pearlite, must 
have gone through martensite. Honda includes troostite and sor) 
ite in his term pearlite. 


%Jyournal, Iron and Steel Institute, 1925, Vol. 111, No. 1, pages 315-38. 


S*Revue de Metallurgie, 1917, Vol. 14, pages 641-75. 





Journal, Iron and Steel Institute, 1919, Vol. 99, pages 469-563. 








Revue de Metallurgie Memoirs, 1919, Vol. 16, pages 17-79. 


“Science Reports, Tohoku Imperial University, 1925, Vol. 14, No. 2, pages 165-72. 
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DECOMPOSITION OF AUSTENITE 

Mathews" reported that in a series of chromium and tungsten 
nagnet steels and other alloy steels the magnetic hardness (co- 
reive foree) is greater after oil quenching than after water quench- 


‘ng while the scleroscope hardness is less after oil quenching. 
This indicated more austenite after oil quenching so he carried 


ut the following confirmatory experiments. 
Some of his specific gravity determinations are given in the 


following tabulated data: 


Composition of Steel Specific Gravity After 
Quenching 
C Si Mn Cr Ni WwW Oil Quench Water Quench 

091 0.25 0.34 2.16 7.8548 7.8416 
0.9] 0.25 0.34 2.16 7.7996 7.7861 
0.84 0.20 0.47 2.96 hea 7.8371 7.8302 
ei, ee 5.00 8.1292 8.1015 

2.00 1.00 es 7.8255 7.8177 

200i. 1.00 7.8755 7.8580 


The following data, also from Mathews, show how the mag- 
netic properties are affected by quenching specimens of magnet 
steel of 0.81 per cent carbon with 2.91 per cent chromium in 
water and in oil. All sizes were turned from the same bar of %, 
inch stock. 


Quenched from 1525 Quenched from 1525 
degrees Falhr. degrees Fahr. 
(830 degrees Cent.) in Oil (830 degrees Cent.) in Water 
Diam. of Section 3/8” 1/2” 11/16” 3/8” 1/2” 11/16” 
Bwas EL==G00 2... .. 15400 15400 13600 16600 16600 15500 
Be sbatetaaeeuN wes 9650 9380 8780 10600 10400 10300 
Re. .dsesene eesewes 60.3 62.2 66.0 55.2 58.1 58.8 
Defily .490048%ennsen 160 151 33 192 179 175 
After 2 hours in liquid oxygen 
Br, (change) ........ +6% +8% +14% +12 12% 
H. (change) ........ —1% —2% — 7% ot. } 


Mathews’ conclusion regarding greater austenitic retention 
ifter oil quenching was verified by microscopic examination by 
lucas and X-ray tests by Bain on the same steels and their re- 
sults were included in his paper.*? 

Scott*® performed some interrupted quenching experiments by 


“Journal, Iron and Steel Institute, 1925, Vol. 112-2, pages 299-312 
TRANSACTIONS, American Society for Steel Treating, 1925, Vol. 8, page 565; Mining 
| Metallurgy, No. 1450-C, April, 1925. 
“Mining and Metallurgy Reprint, No. 1450-C, April, 1925 
“Discussion of paper by Hanemann and Schrader, Transactions, American Society for 
Steel Treating, 1926, Vol. 9, page 239. 
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cooling first in oil down to slightly above Ar” and then in air 
until room temperature was reached, and reported a marked in- 
crease in the amount of austenite. 

Neuthen** found the heat of the A, transformation in pure 
iron to be 5.6 calories per gram of iron while Yameda*® found 
the heat of transformation of austenite to martensite to be 5.7 
calories per gram for a eutectoid steel. Honda*® stated that the 
‘first change of the A, transformation is in reality the A, trans. 
formation and hence the heat of this transformation, austenite to 
martensite, must be equal to that of the A, in pure iron with : 
small allowance for the dissolved carbon atoms.’’ Schneider’ 
found, however, that the heat effect during the formation of 
martensite (quenching) was less than that at Ar,.,.,. This is 
what would be expected because a slight austenitic groundmass 
probably always remains after quenching, and none of the ex 
othermic reactions at Ar,..., is completed. 

Heindlhofer and Wright** found that in quenching ball bearing 
steels of 0.55-0.71 per cent chromium and 0.98-1.06 per cent car 
bon a lower density was obtained from the higher quenching 
temperatures, 1680-1750 degrees Fahr. (915-950 degrees Cent. 
as compared with the lower quenching temperatures, 1472-15')() 
degrees Fahr. (800-865 degrees Cent.). Also oil quenching a 
inch ball of these steels from 1590 degrees Fahr. (865 degrees 
Cent.) and 1750 degrees Fahr. (950 degrees Cent.) gave densi- 
ties of 7.790 and 7.766 respectively, while when 14-inch balls were 
quenched in water from 1472 degrees Fahr. (800 degrees Cent. 
and 1680 degrees Fahr. (915 degrees Cent.) densities of only 
7.755 and 7.745 respectively were obtained. 

Brush,*® and Brush, Hadfield and Main,®® performed some 
delicate experiments on the aging of hardened steels and showed 
that when martensitic carbon steels age at room temperature there 


ed rem, January, 1913. 
‘5S cic ae Reports, Tohoku Imperial University, Vol. 10, No. 6, pages 453-70. 
¢ Ibid, 1925, Vol. 14, No. 2, pages 165-172. 
vgog, Report No. 42 of the Tool Steel Committee of the Verein Deutscher Eisenhiittenleut 


*STRANSACTIONS, American Society for Steel Treating, 1925, Vol. 7, pages 34-53. 


‘Bulletin, American Institute of Mining and Metallurgical Engineers, 1919, No. 


page 2389. 


% Proceedings, Royal Society (London), 1918, Vol. 95, page 120. 
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DECOMPOSITION OF AUSTENITE 29 


4 contraction of volume (about 0.0848 per cent by volume 

‘+h is accompanied by an evolution of heat that reaches a 
<imum in from nine to ten days after the water quenching 
m above the upper eritical point. In the case of a carbon 
el quenched from above the upper critical, they reported an 
lution of heat during aging at room temperature of 404 small 
ores per gram. 

Krom the fact that the formation of martensite in liquid air 

not use up all of the austenite in spite of the vigorous re- 
tion. Hanemann and Schrader*® concluded that the martensite 
the ‘‘Fer de Lanece’’ structure as well as the austenite were 
ises in the metastable equilibrium of the iron-carbon system 
hose equilibrium could be represented by a diagram. They 

that if steel containing 0.05-0.2 per cent carbon is quenched 
pidly it will be found to contain ferrite needles (alpha iron) 
s well as martensite needles which can be distinguished by the 
‘ference in color. Their observations led them to believe that 
irtensite was composed of two previously unknown phases of 
system which differ from alpha and gamma, so they desig- 
nated these new phases as epsilon and eta. 

They proposed the following diagram, Fig. A, built up—on 
idence obtained from the treatment of 5-10 gram steel samples 
tween 2-4 millimeters in thickness. They designated this di 
rram as the martensite system or metastable system II (the iron 
mentite was called the metastable system I). The assumptions 
nvolved in this diagram required that there should be a critical 
n quenching pure iron at about 1270 degrees Fahr. (685 degrees 

Cent.). By delicate measurements such a thermal effect was 
ind in Krupp iron (0.07 per cent carbon) at about 1270 degrees 

ahr. (685 degrees Cent.). They believe that the gamma-alpha 
inge does not take place at this point because the difference 
temperature between 1650 degrees Fahr. (900 degrees Cent.) 

and 1270 degrees Fahr (685 degrees Cent.) is too large to be ex- 
ined as a simple supercooling effect. They state that the 
ritical point at T could therefore be called the Ar” transforma- 
n of pure iron.’’ 

The concentration of carbon has been assumed to be 0.10 per 

at U, 0.89 per cent at V and 1.40 per cent at point W. The 


RANSACTIONS, American Society for Steel Treating, 1926, Vol. 9, pages 169-233 
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authors state that if the rate of quenching for steels of less thay 
1.40 per cent carbon is fast enough to eliminate the Ar’ trans 
formation, epsilon will separate from the gamma at temperature: 
between 1270 degrees Fahr. (685 degrees Cent.) and 662 degrees 
Fahr. (350 degrees Cent.) along the line TW. 
Kahr. (350 degrees Cent.), line UW, epsilon reacts with gamm 


A 


eta or eta + gamma depending upo! 


less or greater than 0.89 per ¢ 


of 0.89 


per cent carbon, 


epsilon 


{ 


0.10 per cent carbon reacts with gamma of 1.40 per cent car 
. bon to form the new phase eta of 0.89 per cent carbon at a tei 
perature of 662 degrees Fahr. (350 degrees Cent.). 
is between 1.40 per cent and about 1.7 per cent the peritectoid 
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ay eaction mentioned above will not take place and eta (martensite 
ans vill separate directly from gamma. 
ures 3. Errect OF TEMPERING ON AUSTENITIC DECOMPOSITION. 
_— \lauer®? stated that on tempering a mixture of austenite and 
Trees artensite between 302 and 482 degrees Fahr. (150 and 250 de 
nm vrees Cent.) the martensite began to transform first, but this 


‘ransformation took place slower than that of the austenite. In 
is steels, which contained 0.06 and 0.09 per cent manganese, he 
round that the austenite transformed into troostite. 

Hanemann’** concluded that the carbon content of the ‘* marten 
site hooks’’ was less than that of the mother austenite. This was 
illustrated with 0.2, 0.44, 0.86 and 1.30 per cent earbon steels 
which were quenched from 2012 degrees Fahr. (1100 degrees Cent. 
in water and tempered at 1202 degrees Fahr. (650 degrees Cent. 
for ten minutes. After the tempering treatment he claimed that 
there were fewer spheres of carbide in the areas formerly occu 
pied by the martensite. He also agreed with Mauer in tha! 
martensite decomposes much more easily than austenite on tem 
pering. The austenite started to change to troostite at 500-536 
degrees Fahr. (260-280 degrees Cent.) at the already decomposed 
needles which acted as inoculation centers and then proceeded 
from the grain boundaries inward. 

Rawdon and Epstein®* quenched six different carbon steels 
ranging in carbon content from 0.07-1.12 per cent, from temper 
atures varying from 1382-2282 degrees Fahr. (750-1250 degrees 
Cent.), and tempered them for different lengths of time at tem 
peratures between 212-1220 degrees Fahr (100-650 degrees Cent. 
rom this work they stated, confirming Hanemann, that when 
martensite plates are tempered they are found to be distinetly 
lower in carbon than the filling matter between the plates. Be- 
low 482 degrees Fahr. (250 degrees Cent.) the structural changes 
were slight, but at approximately 482 degrees Fahr. (250 degrees 
Vent.) martensite and austenite if present undergo a transforma- 


upol ) tion and the steel assumes a granular structural appearance and 
cent reacts vigorously towards dilute acid etching. None of these tem- 
n 0 pered specimens showed a scleroscope hardness after tempering 
t car —- 

“Revue de Me tallurgie Memoirs, 1908, pages 715-750. 
1 ten —— 


Stahl und Eisen, 1912, Vol. 32, page 1397; International Zeitung Metallurgie, 1918, 
earbol ges 127-141. 


ectold : “Scientific Paper, U. 8. Bureau of Standards, No. 452, 1922. 
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which was greater than the initial hardness produced by que 
ing. 

Seott and Movius*® stated that the beginning, maximum, 
end of the Ac, point for a quenched 0.95 per cent carbon 
are 310 degrees Fahr. (155 degrees Cent.), 482 degrees F 
(250 degrees Cent.), and 500 degrees Fahr. (260 degrees (C: 
respectively and that this point is markedly raised by increa 
the rate of heating. The Ac, point is understood to mean 
thermal effect found in tempering quenched steel and is usu 
at about 392 degrees Fahr. (200 degrees Cent.) for carbon steels 

Seott®® determined the density, scleroscope and Brinell h 
ness values for a high tungsten (17.8 per cent tungsten) | 
speed steel quenched from temperatures of 1652 degrees Fal 
(900 degrees Cent.), 1940 degrees Fahr. (1060 degrees Cent 
2228 degrees Fahr. (1220 degrees Cent.) and 2372 degrees Fahr 
(1300 degrees Cent.) and tempered cumulatively at intervals | 
200 degrees Cent. for 15 minutes. The densities of the pieces 
quenched from above 1652 degrees Fahr. increased to a maximu 
between 392 degrees Fahr. (200 degrees Cent.) and 752 devrees 
Fahr. (400 degrees Cent.) but the specimens quenched at 222s 
degrees Fahr. and 2372 degrees Fahr. showed a pronounced (e- 
erease on the 1112 degree Fahr. (600 degrees Cent.) tempering 
treatment. The scleroscope and Brinell hardnesses decreased 
approximately 392 degrees Fahr. (200 degrees Cent.) and ther 
rapidly increased to a maximum at about 1112 degrees Falir 
Above 1112 degrees Fahr. the hardness decreased rapidly whic! 
was probably due to the coagulation of the carbide. He stated 
that ‘‘the microseopie evidence is positive and confirmatory ol 
the physical, namely that the constituent accompanying the ap- 
pearance of secondary hardness is martensite.’’ This would mean 
a transformation from austenite to martensite on tempering 

Bain and Jeffries®’ state that if a quenched high speed steel 
is tempered the austenite transforms into martensite (betwee! 


850-1100 degrees Fahr. (454-593 degrees Cent.) with expansion 


on and increase in hardness. ‘‘At this temperature the iron 
tungsten-carbide can form and does form in critical dispersion.’ 
As the temperature is raised above 1100 degrees Fahr. (593 de 
“Scientific Paper, U. S. Bureau of Standards, No. 396, 1920. 
SOTRANSACTIONS, American Society for Steel Treating, 1921, Vol. 1, pages 511-52¢ 


SJron Age, 19283, Vol. 112, page 805 
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Cent.) grain growth of ferrite and particle growth of the 
ingsten earbide produce rapid softening similar to the cor 
ling process in carbon steel. They also claim that the 
for the retention up to red heat of carbide particles of 
al size is caused by the great stability of the tungsten atom 
because of its large size, prevents its diffusion in the fer 
space lattice until a temperature corresponding to a red heat 
ove is reached. 

Some curves showing the effect of length changes on temper 

high speed steel were published by French, Strauss and 
Digges’® on a steel containing 0.56 per cent carbon, 2.21 per cent 

romium, 13.80 per cent tungsten and 0.98 per cent vanadium 
dened from 2300 degrees Fahr. (1259 degrees Cent.) .in oil 

| in air blasts. The determinations were made on samples of 
l-inch diameter by 4 inches in length which were treated with 
pped ends. Five sets of determinations showed that when tem 
pered (cumulatively) at intervals of about 200 degrees Fahr. 
93 degrees Cent.) a minimum contraction of approximately 
0.0002 inch was obtained at 900 degrees Fahr. (482 degrees Cent. 
after which the steels rapidly expanded to a tempering tempera- 
ture of about 1100 degrees Fahr. (593 degrees Cent.). No tests 
ibove 1100 degrees Fahr. were reported. 

Grossmann and Bain®® have reported the dimensional changes 
after tempering a low tungsten steel containing 1.08 per cent car 
on, 0.35 per cent manganese, 0.36 per cent silicon, 2.66 per cent 
tungsten, 0.50 per cent chromium and 0.29 per cent vanadium. 
Specimens were quenched in oil from 1600, 1700, 1800, 2000 and 
2200 degrees Fahr. (871, 927, 982, 1093 and 1204 degrees Cent.) 


(}Y T 


tempering a maximum contraction was produced at about 


260 degrees Fahr. (127 degrees Cent.) which was followed by a 
uaximum expansion at about 500 degrees Fahr. (260 degrees 
Cent.) and later by a contraction at 1200 degrees Fahr. (649 
degrees Cent.) where their experiment ceased. The steel speci 
nens, 3‘, Inch square and about 214 inches long, quenched from 


higher temperatures showed the maximum contraction and 
the maximum expansion at the temperatures mentioned. 
: Scott in a recent paper on gage steels containing about 1.10 


American Society for Steel Treating, 1923, Vol. 4, | 
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1 Society for Steel Treating, 1926, Vol. 9, pages 259-270 









































TRANSACTIONS 





OF THE 





a.8. 8.2. 











per cent carbon with chromium up to about 1.10 per cent 


: ° ° and IS 
shown that on tempering the quenched steels similar results thod) 

cae mete 
obtained but at different temperatures. He also states that 


proceeds 


at 212 degrees Fahr (100 degrees Cent.) for one hour pro nGinedk tn 
a contraction which is about the equivalent of natural agin 001 
six months. The first maximum contraction on tempering " eoht 
obtained after one hour at a temperature between 302 and 3) sateen 


degrees Fahr. (150 and 200 degrees Cent.) while a maximu — 
ISS If 
the expansion oecurs at about 500 degrees Fahr. (260 de 
; curves tl 
Cent.). The steels then continue to contract on higher temp: ae 
SLCE ( 
until they reach the value of the annealed steel. He showed tae dla 
nt is the 
with a higher quenching temperature or with an interrupte “— 
enous i 
quench, i. e., by allowing the piece to cool through the hard the presen 
. , ie “ese 


Hdlaund® 
would be lower and the expansion at 500 degrees Fahr. (260 ¢ otenenss: sane 
vrees Cent.) higher. He also stated that the ‘‘apparent « 


range Ar” in air, the initial contraction (increase in den 


thod at va 
of this phenomenon (more austenite being retained by oil que: 


ees Cent. 
ing) is the development of pressure sufficient to retard the trans. | eocatiba: at 2 
oostite at 2 
formation at an earlier stage with slow cooling than with sat il cen 
because of the shrinkage of the martensite matrix produced a Clk 
transient tempering on slow eooling through Ar”.”’ en ; 
: 60 degrees ¢ 
Maurer®’* and one of the authors®' have shown that w! . 
MIerostrue 
esp" ge 7 N »)" ‘a ‘ar are ‘ Are re 1 
carbon steels, 0.70-1.18 per cent « irbon, are tempered the: He showed th 
rapid falling off of Bye, beginning at about 100 degrees Cen vhen que 
with a break in the curve at about 260 degrees Cent., and lume Gitane 
remanent induction increases to a maximum at about 500 dex: irtensite j 
Larte ite 1s 
(‘ent. and then eontinues to decrease at a slower rate. Thes (ont there 
sults are in agreement with the work on density and _ volun at when th 
changes previously mentioned and indicate that the fall of b the specifie v 
on tempering is caused by the tempering of martensite whil Bain** m 
rise is due to the alpha-iron produced when austenite tempers tween 1.70 a 
In a general way the relation of the coercive foree to tempe! per cent. Oy 
temperature is similar to the above. Fahr. (1149 . 
Heindlhofer and Wright®? found that in the tempering 0! and almost e 
quenched low chromium ball bearing steel there are two trans 100-1100 dee 
formations. The first is a transformation from the lhght to | nartensitized 
‘Revue de Vetallu ie Ver srs. wa, 1908, pages 71 eo Uf at eoule 


‘TRANSACTIONS, American Society for Steel Treating, 1924, Vol. 5, pages 27-605 


°TRANSACTIONS, American Society for Steel Treating, 1925, Vol. 7, pages 34 
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and is shown by microseopie and X-ray evidence (ioniza 


method) to be a breakdown of martensite. This transforma 
roeeeds over a wide range while the second transformation 
ined to the short tempering range between 3892-500 degrees 


%00-260 degrees Cent.) and is a change from the dense 


e hieht. The authors state that this transformation is due 


retained austenite breaking down to martensite In the 


ssion of the above paper, Styri illustrated with good dilata 


eurves that two pomts were always obtained on tempering 


steels of the low chromium type. He stated that the first 


is the martensite breakdown (contraction) and the second, 


musa discontinuity in the expansion elurve, IS il positive prool 
presence of gamma iron. 


Kdlund determined the resistances ot eloht carbon steels 


een O.21 and 1.57 per cent earbon by the fall of potential 
od at various tempering temperatures (intervals of 10° de 


Cent. and stated that martensite is. transformed into 


stite at 212-392 degrees Fahr. (100-200 degrees Cent.) but 
the reaetion is most marked at 230 degrees Fahr. (110 de 
Cent Austenite 1s decomposed at about 500 degrees Kahr. 
degrees Cent.), and at 518 degrees Fahr. (270 degrees Cent. 
microstructure of the high carbon steel was wholly troostitic. 


howed that even low carbon steels have considerable austen 
vhen quenched from ordinary quenching temperatures. —I1is 


ne determinations made with a pycnometer showed that when 


tensite is tempered at about 212 degrees Fahr. (100 degrees 


there is a considerable decrease in specific volume and 


when the austenite is tempered there is a large inerease in 
specific volume, 


Bain®* made up some ecarbon-chromium steels containing be 

1.70 and 2.22 per cent carbon and ehromium 6.09-15.65 
ent. On quenching from a high temperature 2100 degrees 
1149 degrees Cent.) these steels were rendered quite soft 


almost entirely austenitic. He stated that on tempering at 


1100 degrees Fahr. (482-593 degrees Cent.) the steels were 
ensitized and developed a hardness which was nearly equal 


at could be developed by quenching from a lower tempera 


[Iron and Steel Institute, 1928, Vol. 111. Ne | 
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ture. However, Bain mentioned that none of the tempered sg; 
mens showed the familiar characteristic martensitic structure 
had a structure that strongly resembled troostite. In a 
paper Bain®® stated that the cause of the easier retentio: 
austenite in alloy steels was the stronger atomic bonding bet) 
unlike atoms which is necessary for any solid solution and 
no further explanation was required for the two classes of a 
ing elements. The following tabulated data show the rang: 
austenitic decomposition as given by Bain. 


Composition Range of Decor 
Ivy Stee] ( Mn Cr W “3 
Carl 1.10 0.20 es 375- 480 19 
rung n | 1.40 ' 0.50 1.0 400- 535 
rungsten D 2.00 1.30 1.40 1.0 575- 750 
Oil Hardening 0 900 1.70 a , $00- 550 
Oil Hardening 0.90 1.20 1.00 . 400- 515 
Chrome Magnet . 0.85 0.40 2.60 totes die 400- 500 
High chrome . 1.80 0.35 6.00 5 575-1000 : 
High chrome . 2.30 0.35 10.00 er 840-1000 148 
High Speed P . 0.70 oa 0.40 18.0 1000-1200 r3R-F 
Hadfield ; 1.29 12.00 or 775-1150 {] 


He stated that ‘‘whether or not the product of the chang 
of preserved austenite is martensite depends on this matter 
grain growth both in alpha iron and in the earbide. If 
carbide precipitation precedes the allotropie change as it usually 
appears to do, then the product is very much like troostite.’’ 

Both Matsushita®® and Honda® claim that in carbon ste 
there are two kinds of martensite which they eall alpha and bet 
Alpha martensite tempers at about 356 degrees Fahr. (180 
erees Cent.) and is more easily etched, while beta tempers 
about 626 degrees Fahr. (330 degrees Cent.). According 
Matsushita®® the beta martensite is 
the Ar” point occurs between 572 


formed on quenching whe! 

degrees Cent.) but if the Ar” oceurs below 572 degrees Fal 

(300 degrees Cent.) both alpha and beta martensite form 
On tempering high speed steel at 900 degrees Fahr. (482 d 


erees Cent.) which had previously been quenched from a hig! 
heat, Grossmann®® found that it was actually softer than whie! 


tempered at 1100 degrees Fahr. (593 degrees Cent.). He es 


PRANSACTIONS, American Society for Steel Treating, 1925, Vol. 8, pages 14-22 
Scientific Re ts, Tohoku Imperial University, 1918, 7, page 43; 1923, 12, | 
“Tbid, 1925, 14, pages 165-72 


rican Society for Steel Treating, 1922, 2, pages 691-5 


-752 degrees Fahr. (300-40 
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DECOMPOSITION OF AUSTENITI 


this phenomenon on the basis of Honda’s two kinds ot 

nsite. 

EFFECT OF STRESS ON AUSTENITIC DECOMPOSITION DURING 
HING.—Various theories which considered hardening to be 
by the strain set up in quenching have been advanced by) 

lowing well-known scientists: André Le Chatelier, Charpy 
Grenet, MeCanee, and Carpenter and Edwards. 

In 1908 Benedicks®® stated that austenite was never formed 

the surface even if the specimens were heated in graphite 

quenched so as not to oxidize the surface. He also stated 

in liquid air, the transformation of austenite to martensite 

ld not go on beyond a certain limit where the inerease in 

ressure due to the martensite (large volume) would put 


a Stop 


further transformation of the austenite on account of the in 


rease in pressure. He heated a 1.99 per cent carbon steel em 
edded in graphite to above the melting point of pig iron (about 
2084 degrees Fahr. or 1140 degrees Cent.). He then poured the 

iron on the specimen and quenched the whole in water. On 
xamination of the edge structure he found that it consisted al 
ost completely of austenite and explained the experiment on 

theory that the pig iron in freezing exerted a pressure on the 
istenite and thereby retained it at room temperature with only 
i small amount of martensite. He also reported that if the outer 
dge of a quenched piece was ground off so as to relieve the 
stress, the austenite would decompose to a martensite. This marten 


cite 


was noted in characteristic triangular formations several hours 


iter 


r without even etching the specimen. 

Wille*® determined the stresses produced in the quenching of 

rge forgings 914 inches in diameter containing 0.41 per cent 
on and 0.55 per cent manganese. After quenching the sec 


OTIS 


a series of three rings were cut from each section and ae 
urately measured before they were detached, so that the fiber 


stress at different diameters could be calculated. The depths of 
the rings from the surface were 14 inch, 15 inches, and 23, 
All of these rings expanded showing that they were 


compression. 


] 
‘neS 


The first ring had a compression in pounds 
square inch of 42,600, the second 29.500 and the third 16.500. 
Iron and Steel Institute, 1908, No. 2. pag 217-256 
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when the forging had been quenched in water at 70 degrees | 


which 
(21 degrees Cent.). When quenched in oil the first ring Kahr. (7 
lated 42,300 pound per square inch, the second 16,800 and red at tl 
third only 4,500. In econelusion he stated that the internal re tend: 


developed in water quenching was of much greater magn en tempe 


than when oil quenching was used. 


it take 
Tafel’! stated that if a body of steel were heated to a hig th of pe 
temperature the stresses would be low but if the body were quen . —Errec 
the core would have a greater unit volume than the colder OSITION. 
and be under compression while the case would be under face of an 
sion. As the interior cools to the same temperature as the shi 11.0 per cent 
it will shrink but since the shell has assumed a greater volun —— = 
than normal, the stress gradient will reverse leaving the shi sand blast 
in compression and the core in tension. in. ordinat 
Jasper’? arrived at the same conclusions from his research, than the usu: 
on 0.49, 0.90, and 0.92 per cent carbon steels. sures. It is 
Seott™® has shown by the aid of Heyn’s method for measu this steel wit 
ing axial stress by grinding off successive layers on a cylindrical } It is bel 
rod, that the surface stress of a water quenched deep harden uses the gay 
steel in bars of l-inch diameter containing about 1.0 per cen! | to alpha tran: 
carbon, 0.03 per cent manganese, 0.35 per cent silicon and 1! | liscussed by 
per cent chromium, remains under slight compression at room | Whiteley‘ 
temperature (approximately 30,000 pounds per square inch). | | high earbon 
surface hardening steel containing 1.1 per cent carbon, 0.03 per lle later tem] 
cent manganese, 0.2 per cent silicon and 0.3 per cent chromiun Cent.) and fe 
was found to harden only to a depth of about 144 inch but showed | Bain?’ ay 
a greater compressive stress at the surface (about 110,000 pounds nd 10 per e 
per square inch). He explained the high compression on the su 2102 degrees 
face hardening steel as due to the fact that the martensitic she! well ‘*C”’ han 
had a greater specific volume than the soft core. These tests hammering at 
confirm the work of Tafel and Wille and show that after hard ness of 58-61 
ening there is a reversal of stress resulting in case compressio! magnetic, A 
and core tension. showed both 
French, Strauss and Digges’*t believe that pressure plays austenitized s 


large part in the efficiency of a high speed cutting tool and stat 


‘Stahl und Eisen, 1921, Vol. 41, page 132. 
"Engineering, 1924, Vol. 118, page 343 
Scientific Paper, U. S. Bureau of Standards, No. 513, 1925 !, Iron 
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whieh will cut under frictional temperatures of 1400 de 
ahr. (760 degrees Cent.) would be entirely ruimed if tirst 
ed at this temperature. It is therefore conceivable that the 
tends to retard the reaction which would take place at 
n temperature and so tend to prevent tempering or at leas’ 
it take place so slowly that the tools will cut for a definite 


of time at such high heats before failure ocecurs.’’ 


Krrect OF CoLD DEFORMATION ON THE AUSTENITIC Dr 

irion. Hall and Hanks*® reported that cold working the 

ce of an austenitic ‘‘THadfield manganese steel’’ containing 

per cent manganese and 1.0-1.4 per cent carbon increased the 

| hardness from about 190 to 450. They stated that under 

d blast (light abrasion) the manganese steel wore as fast 

ordinary 0.25 per cent carbon steel but stood up better 

the usual hardened or tempered steels under heavy pres- 

sures. It is well known that it is practically impossible to eut 

steel with a hack saw even though the Brinell number is 

It is believed by some that the abrasion produced in sawing 

ises the gamma to alpha inversion to take place. The gamma 

Ipha transformation at the slip lines in manganese steels was 
issed by Howe in 1915.7° 

Whiteley’? claimed to have made ‘‘zig-zag martensite’’ from 

igh carbon austenite at room temperature by a ‘‘high blow.”’ 

Ile later tempered the needles at 392 degrees Fahr. (200 degrees 
Cent.) and formed troostite. 

Bain’* austenitized a steel containing 2.2 per cent carbon 

nd 10 per cent chromium by quenching from a temperature ol! 

‘102 degrees Fahr. (1150 degrees Cent.) and obtained a Rock 

‘C”’ hardness of about 40. After reducing the section by 


iuumering at room temperature (15 per cent reduction), a hard 


ss Of 08-61 was obtained and the specimen was found to be quite 
netic. An X-ray erystallogram of this cold-worked steel 
showed both alpha and gamma iron lattices while the original 
enitized steel showed only a gamma lattice. In other words 


American Society ior Te sting Material " 1924, Vol °4, pred ene 6°26 


American Institute of Mining and Metallurgical Engineers, 1915, Vol 


and Steel Institute, 1925, Vol a. pages 315-338 


IONS, American Society for Steel Treating, 1925, Vol. 8. p 
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he showed that cold working greatly aided the inversion of ga 


iloy fe 

to alpha but did not mention that a martensitic structur prepara 
developed. Dr. 
a tion for 
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Dr. O. E. Harper is professor of metallography vical Inn 
University of Minnesota, Minneapolis, Minn. Dr Americé 
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15: Instructor in Chemistry, Oklahoma, ’10-’11; Food 192] oe, 
Analyst, Kansas State Board of Health, Kansas, ’11 ical oo 

t. 


lograph 
\linneay 
\linneso 
enginee! 
neer on 
Mines, | 


assistant 
Minneso 
| 26, assis 
versity 


\inneso 





0. E. HARDER RALPH L. DOWDELL 


‘13; Fellow in Chemistry, Illinois, °13-’15; Researel 
Chemist, Committee C-9, American Society for Testing 
Materials, and Portland Cement Association, °15-718 
The N. K. Fairbanks Co., 1918; Fellow in the Mellon 
Institute, 718-’19; Associate Professor of Metallograph) 
University of Minnesota, 1919-23; Professor of Metal 
lography, Minnesota, 1923 to date. 

The degrees were all taken with chemistry as th: 
major; however, for the Doctor’s degree, specializatio1 
was in metallography and research was on the alloy: 
of eobalt, nickel, and chromium. The research wor! 
for the A. S. T. M. and Portland Cement Association 
related to conerete and to impurities in sands used i 
conerete. The work at the Mellon Institute was on th 
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lloy fellowship, with special attention given to the 
reparation. of metallic uranium. 

Dr. Harder is a member of the American Associa 
tion for the Advancement of Science, American Chem 
eal Society, American Institute Mining and Metallur 
vical Engineers, American Society for Testing Materials, 
American Society for Steel Treating, Sigma Xi, Phi 
Lambda Upsilon, Alpha Chi Sigma, Association for Pro 
motion of Engineering Edueation, Kneineers’ Club oft 
\linneapolis, Chairman North West chapter A. S. S. T.. 
1921-22, President Minnesota Section American Chem 
ical Society, 1924-25. 

Dr. R. L. Downe, is assistant professor in metal 
lography, School of Mines, University of Minnesota, 
\linneapolis, Minnesota. Graduate of the University of 
Minnesota Sehool of Mines, receiving a metallurgical 
engineering degree, 1918: assistant metallurgieal engi 
neer On manganese war investigation, U. S. Bureau of 
Mines, Lake Superior Station, June to December, 1918: 
assistant in department of metallography, University oi 
Minnesota, 1918-19; instructor in metallography, 1919 
”~6. assistant professor 1926 to date. M.S. degree Uni 
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SELECTING MATERIAL FOR SERVICE 


nstructiol 
By F. E. ScumittT * 
ot ma 


Abstract i a 
\dvance ¢ 
Testing to determine the fitness of material has sine rate. 
groun with the number and variety of technical ma ed charact 
terials, but it has lagged, and is hardly adequate to th 
needs of the present and future. Certain specific in 
stances of modern service requirements, as well as th 
practice of duplicate specifying, support this statement n. Corresp 
The primary trouble is that the testing engineer usu e with the 
ally measures conventionalized properties, whose corre 
latwon urith daily service demands is largely unknown 
Therefore, we should develop tests of suitability for de 
sired service, in place of or to supplement the presen 


than we 


inds and g 


storical pers 
operly inqui 


immed 


conventionalized tests. In such development of suit An ofthai 
ability tests, users of materials have an excellent oppo retlect on the 
tunity to assist. ty of the 


example, s 


We a few decades, about the same period that say | ai 
development of modern steel, the art of testing construc. | vd hich : so 
tional materials evolved. Beginning with crude items of ex) chich on 
mental work it has reached a high stage of development. Its aioe, diel 
is to determine the fitness of material for a particular ser readily enslil 
and aceordingly it has a vitally important place in modern idl sisi 
neering. We cannot ealeulate strength or safely design for | seit: hana 
efficiency unless we make sure that the expected strength of weal tania 
rial is actually realized. It is no longer economically poss r the eritie 
to provide the large margins of former times for random variat at a 
from the assumed standard of quality. ‘a oa 
ests are cost] 
The demands upon testing have grown with the extensior sevek sem 
old materials to new uses and the production of new mate! sialic eal 
A variety of aids has been called into service to meet thes: cilia up f 
mands. All the resources of the mechanical and chemieal |:! in i i 
atory were drafted, new instruments and methods of stud) reese aie 
developed, and the assistance of micrography was brought to | elatiner as 
on the new problems. By these means the tester, who lat 2 able 40a 
came the testing engineer, kept abreast of the ever greate that the test; 
mands. Today a large part of the production, purchase and re 
A paper presented before the New York Chapter of the Society quarte) 
author, F. E, Sehmidt, is associate editor of Engineering News-Record eT 
York City. raising 
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istructional materials is dependent upon his skill, and the 


of materials has become an essential component of the 


n production system. 


‘ } 


\dvanee of the technical art is going on, however, at an in 


ne rate. In recent years the variety of materials and the 
d eharacter of their utilization has grown remarkably, fat 
than we realize. Steel, for example, has increased vastly 
nds and grades, and in the range of their commercial utiliza 
Corresponding advance in the testing art is essential, to keep 


with these inereasing requirements. ‘Therefore, though in 


cal perspective the art appears well developed, we may 
erly inquire whether it is adequate to the needs of today and 

immediate future. Is the art efficient and satisfactory? 
\n offhand answer is bound to be affirmative. But if we 
current and coming demands, and the 
ty of the art to meet them, doubts will appear. Consider, 
example, some happenings in the field of materials and tests. 


\lechanical progress of the present century has brought for 


‘tt on the nature of 


rd high-speed machines, with high efficiency use of material 


ch means high stress. Among these are steam turbines, sub 
ine and airplane engines. Failures occurred that were not 
dily explained on the basis of ordinary comparisons of stress 
ind strength. It seemed that the 


endurance of the 
nael 


material 
. great number of stress repetitions was involved. 


If so, 
ould follow that the selection and current control of material 
the eritical members should depend on regular endurance 


sut this field has been little explored. The required 


are costly, delicate and tedious, and testing engineers had 
vone into the question of devising a short-time or 


com 
ally usable test of endurance. 


In a high-pressure attempt 
ake up for the previous neglect there is now in progress a 


es ot investigations of the endurance of metals under oft 


d stress, which aims among other things to discover laws 
ting endurance with simpler test properties so that we may 


to dispense with endurance testing. In this case we find 


e testing art was caught napping by advancing practice. 
another field the picture is a little different. For more 
quarter century systematic study has been given to methods 


using the service value of paints for corrodible metals. 
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Yet the results to date are practically zero. Years of larg 


experimenting have been devoted to exposure 


tests, unfortu) 
devised with a view not to developing 


a short-time substitut 
but to comparing certain paint mixtures directly, and th 
of limited value. Laboratory tests have been studied m 
less, including tests of the elasticity and perviousness of 
films, but to no particular effect. On the whole we are 

particle farther ahead in paint testing than in 1900. Pp 
is In sight, for strong 


an accelerated exposure test suitable for standardization 


simulating practical service conditions. For the present, how 
in the field of 
test is In a backward condition. 

A third case: Three or four years a 


go the alloy dura 
was applied on a |] 


lt was known that similar material was liable to a peculiar 
ease, embrittlement by inter-crystalline cracking probably 


moted by corrosion. With a truly efficient testing art it 


before using it, and to verify its resistance to this dise: 


ise. 
testing art 


failed to meet this requirement, and two years 
the ship was built its framework proved to be attacked 
severely by intererystalline cracking, 


So the art appears to have serious shortcomings. We mig 


discuss other instances. involving 


include the troubles incident upon the discovery of the so 


snowflakes in ordnance steel, and the inability of both steelm: 


ers and testing engineers to deal with the problem 


rials testing. This rests on the practice of duplicate specify 


The practice is widespread, almost universal, in our sp 


fieations of constructional materials. We deseribe a desired 


c 


terial both by chemical composition and by mechanical test pr 


erties, though only the mechanical properties will count 

service to be performed. Often we specify in addition als 
process of manufacture. Evidently we do not trust the testi 
select and control material quality. Thi 


engineer’s ability to 


efforts are being centered on formulat 


and 
" paint the matter of estimating service quality 
4 | ; 


arge scale to a very important service, const) 
lion of the framework of the dirigible airship ‘‘Shenandoal 


STit 


have been possible to question the material for the ‘‘Shenandoual 


alt 


ratl 


various unpleasant surprise 
some serious and some merely annoying. They would doubtles 


prompt! 
But instead we may consider a more general indictment of mat 
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ate specifying is not new; it has been practiced ever since 
production and purchase of materials began, always with 
hope that improvement of testing processes would in time 
it unnecessary. The hope has not been realized, rather the 
rary. Duplicate specifying has if anything increased, and 
ay is more firmly embedded in specifications than ever. The 
of testing has not improved, it seems, but has lagged behind 
arts of production. 
One of the main causes of the failure of the testine art to 
t in full our present-day needs is the fact that it has been 
de to serve the funetion of testing for quality rather than 
ting for service. We have been testing materials for supposed 
cellence, as defined in terms of certain limited properties ae 
epted as indicators of value. We have left correlation of mate 
il and service to the user, to the designing and constructing 
nvineer, although the latter himself must rest his judgment on 
the test properties reported by the tester, taken in connection 
with experience. 
Present day needs eall for development in the other diree 
tion; they demand direct service testing; suitability testing. Krom 
Is We may obtain results expressed directly in terms of the 
specifie resistances or excellences which the material is required 
display in the contemplated service. It is not essential to 
ittempt to analyze what these excellences or resistances may be, 
an endeavor which too often proves abortive. In particular cases 
we may, as a secondary stage of the test work, resolve the service 
resistance of the material into more elementary or unit qualities 
ror example, to determine whether the degree of suitability 
a given steel for guide bushings is measured by its hardness 
its surface texture, or its freedom from inclusions, or perhap: 
ts total resilience. But this is not an inherent part of the method 
and requires to be used cautiously and within narrow limits. 
"he service test itself remains the primary reference datum. 
To appreciate more fully how thoroughly we are committed 
quality tests let us survey the current test methods for iron 
d steel. 
As general methods, we have a tensile test, which measures 
iking strength, elastic limit, and ductility, and sometimes 1 
related or derived quantities; we have bending tests, applied 
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to certain grades of steel as a measure of ultimate deforma! es are 


or perhaps plasticity, and, related to them, a few other sp 


upon a 
tests of deformability such as the drifting test for boiler 


; that we 
structural steel: we have so-called hardness tests of several k 


roperti 
as the Brinell ball test; impact bending to judge of toughnes Balls an 
(or its opposite, brittleness) and to reveal defects; examinatio) ssible in t 
of microstructure; segregation measurements, both by direct chen -s and lini 
ical analysis of samples taken from different points and by su came situatio 
phur printing; and acid etching to determine localized correc ned with 


bility as an indication of probable defects or sharply local sistance to : 


structural differences. hether suck 


Perhaps this list should be increased by the mention of meas r is a com] 
urement of internal strains, though direct mechanieal testing | many uses of 
such strains has been done only in occasional instances for pw to analysis i 
poses of special study. The practice in steel testing of makin asserted tha 
parallel tests for the several properties named, in the initial stat found to be 
and after annealing, is also in part a test for initial strains ) lone. or har 
Repetition of the tests after other heat treatments is used vai : [t is int 
ously to throw light either on the adaptability of the materi: dly consiste 
to improvement by heat treatment, or on the absence or presence | of the word 
of any measurable hardening power in cases where this is ol to the test o 
jectionable, as notably in rivet steel. i sword did 

In a separate group from these we have various special tests. | vet he surel 
some of which are used only rarely while others are still in th | from flaws | 
process of evolution. These include endurance and torsional tests | battle, and 
on the one hand, and magnetic tests and X-ray examination. | edge and a | 
on the other. of modern 

It will be seen that all the tests named are conventionalized tie rods wa: 
quality tests, whose meaning depends on what we are able | t was beins 
willing to read out of them for a particular group of service con But the 
ditions. Occasionally, it is true, a single test of the list ma) difficulty of 
represent quite accurately the predominant service demand, a! een eviden 
then of course it is in fact a suitability test. Thus, selection and plification ¢ 
control of steel for transformer cores depends mainly on t! t artificial 
permeability and hysteresis of the material and to freedom f vere coneer 
aging, while with respect to mechanical properties the requi hat seeme 
ments are so moderate that mechanical tests are secondary. Again n that serv 
steel intended for tension bars may be fully tested for suitabilit ertain sim 
by a tension test. But in modern work these single-propert ‘ties of the 
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es are infrequent; the great majority of services depend 
upon an intricate composite of unit qualities or upon qual 
that we are unable to analyze and correlate with the simple 
roperties. 
Balls and ballraces must meet requirements not directly ex 
ssible in terms of our ordinary tests. Rock-drill steels, crusher 
s and linings, pistons, cylinder shells and the lke present the 
situation. Im many mechanical parts we are critically eon 
ed with surface wear, yet our list includes no tests for re 
sistance to abrasion, nor have we yet been able to determine 
ether such resistance involves a single characteristic property 
Sa composite of several different resistances. Surprisingly 
nv uses of iron and steel, indeed, are obviously not susceptible 
» analysis into elementary test properties; and it may safely be 
isserted that on eareful consideration nearly all uses will be 
vind to be of this kind. Service which depends upon strength 
ne, or hardness alone. is the exception. 
It is interesting to remark that in its origin testing undoubt 
lly consisted altogether of suitability tests. The very meaning 
the word testing implied trying and proving, that is, putting 
the test of service. If the old time smith when he had forged 
sword did not prove his product by eutting down his neighbor 
he surely verified its temper and toughness and its freedom 
om flaws by bending it as severely as it would ever be bent in 
ittle, and he made certain that it could take and hold a keen 
' dge and a high polish. And when, much later, in the young days 
modern structural engimeering, wrought iron for chains and 
rods was proved for strength in the early testing machines, 
as being tried out plainly for service suitability. 
But the complexity of even fairly simple service, and the 
iculty of reproducing it by a short-time severe trial, must have 
n evident almost from the first. The natural result was sim 
cation and formalization of test procedure, the substitution 
irtifeial for real service. Probably two rather different ideas 
re concerned here: First, upon analysis of the service, selecting 
seemed to be the controlling property or properties used 


t service, and, second, upon study of the material, picking 
7? 


simple test properties as the defining quality character- 
the material and making them the eriteria for its accept 
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ance and grading. At all events, both these ideas may b 
cerned in the subs:quent application of elementary quality test 
and both have exercised a limiting or misleading influence 0; 
development of materials and the adaptation of material to ser 
Throughout the development of testing the greatest part 
the activity of the art has been centered on a small numbe: 
tests of simple or elementary properties, such as those alread 
mentioned. Used as eriteria of quality and as points of departw 
for deciding upon suitability of material for a given service 
even the dimensioning of mechanical members and details, thes 
tests have been regarded with such complete confidence in t 
correctness of the procedure that for our major material, at leas 
service suitability tests came to be practically forgotten. 
There were some interruptions in this evolution. Brittlenes 
tests, for example, have been under development and discussio. 
for decades, and even yet have not reached the point where 
can class them as satisfactory either in consistency and accurac 
or in the interpretation put upon them, although the sudde 
breaking of treated steel has always been an outstanding dange 
and annoyance in its use. The plain reason is that toughnes | 


attempts at analyzing it into ready-made testing-machine equi 


is one of the practical qualities which persists in eluding ou | 


alents. 

Perhaps for similar reasons certain suitability tests were re- | 
tained in specifications for structural steel and iron for many | 
years. It was customary to specify a tensile test, a cold-bending 
and quenched-bending test, malleability or flattening tests, « 
and hot, a drifting test in which a hole punched near the edgy 
of a plate was enlarged by a tapered drift pin, and for rivets 
an upsetting and a head flattening test—all of them direct dup! 
eations of service conditions. These tests have been abandoned 
however, and generally the course of test development has be 
strong and steady along the line of conventionalized simple tests 
other than service tests. In the full development of this process 
as we have it today, the quality of a material is defined by « 
tain agreed-upon requirements, which are assumed to express tli 
essentials of what the material is able to do and what it is 
should be called upon to do. And this assumption is, on thi 
whole, arbitrary and of weak justification. 


j 
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would be a mistake not to recognize the value of conven 
lized tests. To a large extent they are indispensable. Cast 
affords an example. The material is obviously difficult to 
to trial for the specific service of a particular piece—for 
ance, a water pipe, a machine frame, a pulley. Practical ex 
ence, however, long ago taught us that for certain of these 
ies a soft iron with a high deflection in cross-bending is excellent. 
ile for certain other uses a mixture of high streneth and close 
iin may be preferable even though its bending deflection be 
ther low. Practical conclusions of this kind naturally lead 
a cross-bending test, and it is a test entitled to a great deal 
respect as an index of cast iron quality, though obviously it 

s a conventionalized test. 

In fact, quite generally, conventionalized tests are excellent 
tools so long as materials and service requirements remain con 
stant. Accordingly, during the period of relatively few major 
materials, and these of approximately constant grade and method 
ff production and use, the extensive development of convention 


—E 


alized quality testing was a most valuable and efficient guide to 
both the using and producing industries. Present-day conditions 
are distinetly different, however. Our slowness to assign the num 


erous high-grade alloy steels to their proper fields of use is charge 

able to the sway of old-time quality tests ‘and the absence of direct 

service testing. If we must wait on the slow conclusions of ex 

perience to correlate new materials and services we are failing 
to utilize the testing art to full advantage, and we are incurring 
vreat losses in the process. 

Testing serves industry in different ways, and none should 
be undervalued. It serves among other things to control manu- 
facturing processes, to verify uniformity of product, and to re- 
veal defects in the product. These functions will always be of 
vreat importance to industry. But determination of service value 
and selection for specified service remain after all the controlling 
objectives of testing. If for the former purposes we may depend 

ipon quality tests of the conventional kind, yet the needs of the 
other purpose, the primary purpose, should have most careful 
attention. It is for this purpose that the art needs the fuller 


development of service testing. 
Mere statement of this need is easy. Putting it into prac- 
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tice is much more difficult: for to 


reproduce service in th 
Is by no means a simple undertaking. 
the tester himself will be imperfectly 


room Generally, 1} 


equipped to grasp th: 
represent 
Ile requires the co-operation of the 


scope of service demands and to 
a test. 


effective 
of the pr 
in working the problem out. 


intended to bring this to attention. a) 
point out the user’s share of 


them 
user 
tion and operating engineer 


present remarks are 


responsibility for future testin 
velopment. 


To realize some of the reasons for and the difficulties ot 


us take a rather intricate case. which is 
usually widespread concern 


ice test ing, let 


OL 
because of its relation to publie safer 
This is the problem of good rails Ordi 


carbon-manganese steel, 


for railway track. 
steel rails are made of carbon or 
incidental impurities of which only 
ance. Its composition is nearly eutectic, and the 
ufacture is somewhat hardened by air cooling 
kind of heat treatment. 


rail in its m 
an unregulat 
Specifications define its chemical 
sition (within rather broad limits) , 
ture by limiting the shrinkage in 
require a 


COMP 
control the rolling tempe 
cooling after the last » 
surface examination for pipe, and specify 
in which a 2.000-ton weight is dropped on a short length 
laid as a beam over supports 3 to 4 feet 
weight being 12 to 21 feet. This is the whole quality speci! 
tion. The rail must not break under the first blow, and 
event before breaking it must show 6 
l-inch gage 


Or } 


apart, the fall of 


In at 
per cent elongation ji) 
length on the tension side of the beam directly | 
the falling ram. 


rnc 
tii 


This test is deseribed in 
mine ductility or 


rails are actually 


the specifications as one ‘‘to det 
toughness as opposed to brittleness.’’ Thou: 
made, bought and put into the track on | 
strength of this test, there is only the vaguest kind of knowlede 
in discriminating between good and | 
rail for railway track service. Track experience accumulat 
slowly; it is an outstanding example of the slow rate at whi 


ests are subject to check by service experience. 
the time when 


as to its significance 


some ft 


During 
a given lot of rails is in the track, both traffic a 
track conditions change, and pre 
of rail, and 


actice as to speed of trains, wei 


the like varies: and at the end of the period 


silicon has particular Import 


a drop test 
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TESTING MATERIALS 51 
s of service obtained from this lot of rails may be exceed 
difficult to interpret to any good eftieect. In spite of such 
es, we can say that the drop test is not an infallible de 
of unsuitability in rail; it is not without 
is rather undefinable. The test 


value, but its 
does have some sort of 
nm to the strength, the toughness, the solidity of the rail, 
bsence ot segregation, but it does not protect fully In respect 


ny of these and, what is worse, it seems to be practically 


‘tive against a defect that has proved especially formidable, 
y, the interior transverse fissure. 


It will be seen, too, that rail testine gives no consideration 


ear resistance, whieh is a faetor of obvious importance in 
service, nor to surface hardness as a property enabling the 
to resist the destructive cold rolling of its head by the ear 
eel. And, indeed, we do not depend on the drop test, though 


s the only test apphed. We specify the chemical composition, 


manufacturing process, and in a small way the thermal treat 
The main function of the test is to supply an approximate 


trol of the brittleness of rail steel of a stated composition, 


‘+h latter is fixed by judgment based on track experience with 


regard to test. In other words. in this field tests have been 


substantially valueless in the selection and improvement of ma 
terial. And the sahent point of the case is that, in consequence, 
rail specifications have been matters of dispute for many years, 
and 


rail quality has been more discussed and more fruitlesssly 


discussed than almost any phase of material utilization. It 


be predicted that no marked improvement in rail quality is 
to be attained until service tests are developed and applied 
ays excepting the possibility of some chance innovation of 
lutionary kind. 
(he weakness of the system of rail appraisal is our inability 
inalyze track service and to interpret it in terms of the requisite 
resisting powers of the rail so as to be able to apply elementary 


ests of the ordinary laboratory kind. In this respect the case 


ul, though possibly a little extreme, is typical, and it is eited 


tor that reason. Most mechanical elements present almost 


uplex problems. Because of this situation it is hopeless to 


improvement of practice or 


or ruidance in selection of 


| by our conventionalized laboratory tests of quality. 


[m- 
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provement can be brought about only through direct ser 
suitability testing. 

In so far as the argument bears on steel, it may be o 
that with the rise of microstructure study the whole as): 
testing has been altered. Micrography has produced suc! 
reaching results that it is only natural if we look to a time 
it will solve in full all questions of quality and suitability. } 
such hopes appear to be over-sanguine. They overlook th: 
that if knowledge of microstructure simplifies the proble) 
quality in some respects, it complicates it in others. We no long 
deal with one material, steel, but with half a dozen or more, | 
component structure elements. Our knowledge of the propertie 
of the aggregate rests on knowledge of the properties of the co 
ponents, and this in turn must be derived by inference fron 
observed behavior of steel grades in which the several component 
appear thus or thus combined. If our previous problem had | 
be solved by trial methods, the substitute problem is in effect 
group of simultaneous equations involving cementite, ferrite 
the other x, y and z’s as unknowns, and as the constants of ea 
equation are themselves undetermined the last state is not so d 
nitely better than the first 

We are sure to profit quite as much in the future as in t 


past from the utilization of micrography and its derivatives. Bw 


on the present outlook it must be set down as improbable t! 
it can simplify essentially the problem of suitability determi 
tion. Giving all possible credit to the probable contributions 
micrography, we will yet need to develop service tests as our p! 
guides to efficient use of materials. 

In summary, to state the case briefly: Our testing hither 
has been directed to measuring a few analytical properties, 
the belief that these would represent the full range of ser 
quality. The test of practice shows this belief to be rosily 
timistie, yet we have exploited the plan quite fully, and ha 
settled back to doing little more than appraising quality by co! 


ventional measuring sticks. This is remotely like the attitude 0 


the period when profound study of the theory of elasticity 

believed to be the key to structural design, when we expected | 
solve all problems of mechanical resistance by caleulatmg the mai 
imum attack on a loaded piece in terms of elementary comprt 
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TESTING MATERIALS 
tensions, and shears. Our attempt to compound out of 
sile, compressive, and shearing strength, ductility, hardness, 
impact strength the vast range of service attack and resist 
has not been successful. 
Practice recognizes this. In selecting and approving mate 
is for specific service and deciding on their essential grade 
aracteristies, practice depends on experience, and only after 
rd is the art of testing called into the case for routine checking 
production. This is neither the best function of the art, nor 
loes it meet the needs of constructors. It serves well so long as 
material and service both remain constant, but it is of little help 
hen either material or service undergoes change. When increas 
ne weights and speeds of railway traffic call for more resistant 
rail, our tests and the accumulated records of test values fail to 
tell us what kind of new rail we need—how hard or strong or 
ductile it should be. When a new, stronger steel is demanded for 
high-duty erankshafts, tests do not tell us what grade will be suc 
cessful; again, we must rely on the verdict of service. Or, if we 
wish to use a certain kind of rubber fabric for floor surfacing 
or for belting, the tester does not help us. In short, service suit 
ability is largely or wholly beyond the reach of the testing art, 
as generally practiced. 

Development of suitability tests, in the coming era of testing 
has already begun, and in some materials rather actively. Elec- 
trical production, dealing from the beginning with new materials 
under new service, resorted to service tests at the start and has 
‘onsistently followed the practice. In other materials, in fabrics, 
composition, brick and tile, lubricating materials and bearing met 
als, the inadequacy or inapplicability of routine testing-machine 
procedures also has brought about an increasing trend toward 
suitability tests. Iron and steel yet lag behind in this develop 
ment. They must follow in the same course, if the large range of 
possibilities residing in their valuable properties and the great 
range of our power to control these properties by alloying and 
treatment is to be realized fully. 

And, finally, in this future development the user of material 


ears a definite share of responsibility. His co-operation is needed. 


manently in tests. 


which will give an inaccurate reading. 


STANDARDIZING THE BRINELL HARDNESS TEsS7 
By H. M. GerMAn 


Abstract 


The accuracy of the Brinell hardness test is gov- 
erned by the accuracy of the applied load, the rate oj 
application of the load and the time the full load is ap 
plied. All of the present Brinell machines possess one 
or more of the following defects; They do not exert 
an accurate load of 3000 kilograms pressure, but are 
subject to overloading and underloading, the time and 
rate of application of the load is not constant, and th: 
time of full load application is not fixed. The accuracy 
of the readings obtained are dependent upon the design 
of the machine and the care and skill of the operator. 

The paper points out the defects in the different types 
of machines and describes a new design which will over 
come the above defects and eliminate the personal factor 
of the operator, thereby standardizing the Brinell hard- 
ness test. 


HE Brinell test is a measure of hardness by deformation 
is based upon the fact that if a hard and rounded object 
pressed against a softer material having a flat surface and held 
a rigid position, the hard object will deform or indent the sof 
material. The amount of deformation will vary according to 


1. The hardness of the hard object 

2. The hardness of the softer material 
3. The apphed pressure 

4. The rate of application of pressure 
®. The time the full pressure is applied. 


THE HARDNESS OF THE HARD OBJECT. 


The hard object is a hardened steel ball ground to a diamet 
of 10 millimeters and sufficiently hard that it will not deform pe! 
If the ball deforms under load, it will fiatt 
at the points of applied pressure and produce a shallow impression, 
The harder the ball, whe 
tested with a Rockwell cone, the less it will deform under pressur 
Rockwell cone tests on several makes of balls show readings 
64 to 67. 

A paper presented before the eighth annual convention of the & 


Chicago, September 20 to 24, 1926. The author, H. M. German, is met 
gist, Universal Steel Co., Bridgeville, Pa. 
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HARDNESS TEST 


srinell balls are usually made from steel containing 1.00 to 
er cent carbon and 0.50 to 1.25 per cent chromium. They 
ven a double treatment in hardening. The first treatment 
sts of heating to a temperature approximately one hundred 
es Fahr. above the critical point and quenching in either oil 
water for the purpose of removing fabricating strains and 

ing the grain structure. In the second treatment they are 

d to just above the critical point and quenched in water. The 
lened balls are not tempered. An ideal structure for Brinell 
s consists of a very fine groundmass of martensite in which are 

dded fine eralns ot double earbides. 

A. Hultgren’ has found that by cold working a hardened and 
lished steel ball, the surface is hardened to a sufficient depth to 
ble the ball to withstand considerably greater pressure than 
rdinary steel balls without appreciable permanent deformation. 
Balls given the above treatment permit accurate tests on materials 

to number 700 Brinell hardness. He also reports, that when 
testing hard steel, a sharper definition of the impression circle 

vy be obtained by the use of etched balls. This is accomplished 
etching, after cleaning with alcohol, in a one per cent solution 


of nitric acid in alcohol for a period of about three minutes 
THE HARDNESS OF THE SOFTER MATERIAI 


The hardness of the softer material is the hardness of the 
material to be tested and is therefore variable. The Brinell test 
has its limitations in that the only articles that can be tested are 
hose that will stand permanent deformation and those that are of 
sufficient thickness and hardness that the force of penetration will 

show a bulge on the opposite side of the test piece. The min- 

im gage limits for Brinell tests on 1.00 per cent carbon steel at 
different tempers were shown in a previous paper.” 

That part of the sample to be tested should present a flat and 
smooth surface free from scale in order to obtain a sharp definition 

the impression circle under the reading glass. 


THE APPLIED PRESSURE 


When testing iron, steel and other comparatively hard mater- 


Hultgren, “Improvements in the Brinell Test on Hardened Steel, Including a Ne 
Producing Hard Steel Balls.”—Iron and Steel Institute, Autumn Meeting, September 


lL. German, ‘Testing Steel for Hardness,’? Transactions, American Society for Ste 


19238, p. 489 
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ials, the standard load is 3000 kilograms but when testine go} 
materials, like lead and babbitt metal, a load of 1500 kilogr: 
frequently used. 


In order to obtain accurate readings it is esse; 
tial that the load be fixed and not subject to variations. There 4), 
different types of Brinell machines which may be classified accord 
ing to the manner in which the load is applied, namely, hydray 
weight and levers, and weight and eccentric. 

The hydraulic type consists of a small hydraulic press haying 
a downward acting plunger carrying the ball which is pressed int 
the material to be tested. Pressure to the hydraulic fluid, which js 
usually oil or glycerine, is applied in different makes of machine 
by a small compressor or pump actuated by hand, with a lever 
wheel, or by power; the wheel being driven either by belt or moto: 


Different devices are used to regulate the pressure, such as, caves, | 


gage and springs, and gage and check weights. 

In the gage regulating machines, pressure is applied until th: 
gage indicates that a load of 3000 kilograms is reached. In on 
make, two gages are provided, one for routine and one for check 
ing. This method of pressure control is disadvantageous in that 
there is always danger of underloading and overloading and that 
pressure gages do not permanently retain their accuracy. Regu 
lating pressure by gage and springs is an improvement over tli 
above method in which the danger of overloading is eliminated 
When the pressure reaches a fixed load, a valve controlled by ad 
justable springs opens so as to maintain the fixed load. The dis 
advantage of this device is that neither gage nor springs permanent: 
ly retain their accuracy. The most common method of regulat- 
ing the pressure is by means of a gage and check weights. In 
order to check the accuracy of the gage, a piston is provided wit! 
a dead weight control which limits the amount of pressure obtain- 
able to that required for the test. As long as the piston floats 
(forming a small hydraulic accumulator) the desired pressure 
maintained. This device has the disadvantage of overloading, a 
an extra pressure is necessary to overcome inertia in raising the 
weights, and there is an extra pressure due to the rising and falling 
motion of the check weights in reaching equilibrium. 

Most hydraulic machines have a tendency to leak after they 
have been in operation some time and the hydraulic fluid become 
stiff and sluggish in cold weather. There are two types of weight 
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ver machines; one, in which the load is obtained by weights 
ompound levers and applied to a plunger containing the ball 
is pressed into the piece to be tested, and the other in which 
test piece is pushed upward against the ball until it will balance 

id obtained by weights and compound levers. 

When making a test with the first type, the piece is adjusted 
snugly against the ball, and then the load is applied by lowering 

weights with a hand crank until the weights suspend freely. 
By this arrangement it is not possible to overload, and the load 
vill always be constant. This type of machine can be equipped 

operate the weights by air or water pressure. 

Pushing the test piece against the ball is not as accurate as al- 

ving the weights to exert pressure against the ball as overloading 
s necessary to overcome inertia in lifting the weights, and there 
s additional pressure due to the swing of the weights. 

The weight and eccentric type of Brinell machines, better 
own as the Johnson ball hardness machine, has found very few 
isers in this country. On rotating a lever attached to an eccentric, 
the hardened steel ball is forced into the material to be tested. 
[he load is regulated and applied by means of an eccentric to- 
vether with the attached lever and weight. Should the pressure 
tend to rise above the predetermined load, there would immediate 
vy be an upward movement of the weight. This machine also pos 
sesses the disadvantages of overloading to overcome inertia in lift 
ing the weight and swinging of the weight. 

A review of different devices for applying pressure shows that 
only one, the first type of the weight and lever machine will give an 
ccurate and constant pressure. 


THE RATE OF APLICATION OF PRESSURE 

lt is a recognized fact that metals under mechanical work or 
compression when cold change in hardness and become more resist- 
int to deformation up to the point of rupture. The extent of this 
change varies not only in different metals but also according to the 
rate of application of pressure. The rate of application may be 
sufficiently slow to permit an even distribution of pressure from 
the ball or it may be rapid enough to have the effect of an impact. 
If the pressure is applied rapidly, the depression will be greater 
than if it is applied slowly and gradually. The average difference 

een a fast and slow application of pressure with a hydraulic 
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machine operated by hand lever is 


approximately 0.1 millime; 
diameter for medium hard metals: 


the softer the metal the o 


e severa 


e time 
will be the difference. This difference is greater with the y the ope 
and lever type in which the test piece is pushed up against { (he foll 
ball and with the lever and eccentric type of machine jn | defect: 


overloading takes place in order to overcome inertia in raisiy This is ; 
weights and the increased pressure due to swinging action o| 


veights ¢ 
weights. In not one of the machines described has PYOVision hee) tomaticall) 
made to insure either a steady application of pressure or a fix, motor. Whe 


time for the application of the full load; they being left 4 


discretion of the operator. 
THE TIME THE FULL PRESSURE IS APPLIED 


Another important factor that influences the depth 


dentation is the duration of time that the full load is 
short application of pressure will not 
it requires time for the full pressure to 
ball into the test piece and reach 
shown in the following test :3 


Period of 
Application 


applied 
give consistent readinvs 
exert itself in pressing th» | 
an equilibrium. This is ¢] 


Brinell Readings 


Ave 
Seconds Diameter Millimeters Reading: | 
5 3.125 3.125 3.125 3.1 1: 
10 3.15 3.15 3.15 2.15 3.15 
20 3.2 3.15 3.15 3.15 16 | 
30 3.175 3.175 3.175 3.175 3.175 | 
45 3.2 3.175 3.175 8.175 3.18 | 
60 2 3.175 3.175 0.175 


In this test the maximum read 


ing was obtained in 45 seconds 
there being no inerease 


with an additional 15 seconds. 
cial testing, the average duration is 10 seconds, but 
accurate readings are desired 30 seconds will 
results. A standard time should always be 
made in any of the present existing Br 


In comme! 
When mo 
give more consistent 
used. No provisior 
inell machines to automati 
ally fix the time for the application of the full] load, it 
tional with the operator. 





is also O| the anvil and 


and hand whe 
Is started and 
AN IMPROVED HARDNESS TESTING MACHINE—BRINELL Typ} 


e gradually 


A review of the foregoing discussion discloses that errors in plied to the } 
Brinell testing arise from the following causes: First, that the ap- degrees, the e 
pled load is not constant owing to the design and manipulatio veights are f; 

SH. M. German. “Testing Steel for Hardness,”’ TRANSACTIONS, American Society for § Lit rloadin: 
Treating, Vol. 3. 1923, p. 489 
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e several machines. Second, the rate of application of pressure 
. time the full load is applied are not fixed, but are optional 
he operator. 
(he following design of a machine is offered to overcome the 
detects. 
(his is a design of a machine which may be classified under 
‘eights and levers type; the weights being lowered and raised 
matically by means of a cam actuated by a constant speed 
motor. When making a test, the material to be tested is placed on 


A CTE 





Fig. 1—Side View of Machine. 


+ 
nea 


anvil and raised snugly against the ball by means of a screw 
ind hand wheel. By pressing an electric switch button, the motor 
s started and the eam rotates. As the cam revolves, the weights 
eradually lowered and pressure is smoothly and gradually ap- 

to the ball. When the cam has revolved approximately 90 
‘rees, the cam leaves the roller supporting the weights and the 
ts are free to exert their full load upon the ball. There is 
oading to overcome inertia and there is no swinging or up 
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and down motion of the weights. From points representing 9 
erees and 270 degrees in the revolution of the cam the full load js 
applied. The load is constant and the time is fixed. At a 
representing 270 degrees in the revolution of the cam, the 
again engages the roller and raises the weights smoothly 
gradually. When the cam has revolved nearly 360 degrees 





Fig. 2—End View, Showing Cams. 


current is automatically shut off so that the cam will make one 
complete revolution in making the test. If the speed is adjusted 
to make one revolution of the cam in one minute the cycle would 
be as follows: 15 seconds for applying the load, 30 seconds for ap 
plication of the full load, and 15 seeonds for the release of the load. 
By changing the gear ratio and the design of the cam any desired 


time and rate of application and time for the full application of 


load ean be altered. 

The improved Brinell testing machine removes the persona! 
factor and fulfills the following requirements. 

1. The rate of pressure application is fixed 
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DISCUSSION—BRINELL HARDNESS TES1 
The time of pressure application is fixed 
The applied load is constant 


| The time of application of the applied load is fixed. 


"hese factors will remove operating variables and standardize 


Brinell hardness test. 
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Written Discussion: By Herman A. Holz, Testing Engineer, New York 
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Society, I should like to say a few words in regard to Mr. Germa) 
which contains many ideas of considerable practical value and im) 
sinee the standardization of the various conditions under which any n 
eal test is performed is most essential. 

There is hardly a subject in the entire field of mechanical testin 
lends itself so readily to controversy and discussion as the problem 
iess testing and of the correct technique of performing these tests. 
paper and discussion on this subject brings out different points of \ 
usually assists in clearing up a rather complicated situation. My dis 
is submitted in the endeavor to clear up some points which Mr. Ger: 
lrought up in his paper. 


Referring to the first paragraph of the paper under discussion, | dentica 
sential to keep in mind that the Brinell test has been developed an rinell 1 


‘o yield data of a comparative nature on the hardness of ductile 


1 


n have 1 
y measuring their resistance to ‘‘permanent’’ deformation under t pares om a 
specific testing conditions. The permanency of the deformation, in t} sort or 
a spherical impression, is quite important; it forms the basis of the meas s unless 1 
ment of the deformation by measuring the permanent diameter of t! indenti 
tation produced, en he 


‘i ‘ : . Neti ta chs: aie a 
The Hultgren Brinell balls mentioned by Mr. German are now j —s 


sive use in this country and are giving good service. Their develo) t 6 ee 
represents a distinet advance in the art of hardness testing. The et d Unis“ “ MAacke 
of Brinell balls to produce clearer outlines of the spherical impressions is oe mt 
\merican development. If I remember correctly, it was first underta ld alway; 
the Bureau of Standards in 1915 or 1916. To show how some of th SCUS a i 
hardness testing lead to splitting hairs, I remember that aft: we able 
Hultgren read the paper on his new and improved Brinell balls before { a re 


Iron and Steel Institute of London, one of the most I 


Sions on 


: ee Referrin: 
rominent British met . 


: ; . Iness test 
lurgists, a man whom we all esteem highly in this country, 


got up al 


cised the etching of the balls since the load required to force an eteh: we a 
into a metallic surface was greater than that required by a polished |} those machin 
So here we have a sixth point to add to Mr. German’s list of variables in t mit the — 
Brinell test: the particular degree of polish or etching of the balls and t ae shy 
frictional differences caused thereby. glum (Dé 


[ have made a large number of Brinell tests by means of etched | rene a 
polished balls, with and without oil, and have never been able to detect | — 
slightest difference due to such theoretically variable friction. The et 7 
Hultgren balls give clear and easily measurable impressions, and this elit d3 . 
tage appears particularly in tests of hard steels. — nih DD 

Mr. German states that ‘‘the Brinell test has its limitations in t t : % -™ 
only articles that can be tested are those that will stand permanent det aps _ 
tion and those that are of sufficient thickness and hardness that the fo1 a rr 
penetration will not show a bulge on the opposite side of the test piece’’ a a 
is not a limitation of the Brinel]l test, but is fully in accordance wit sles 
standard definition of ‘‘hardness’’ of ductile materials: their resistnce | a 7 
permanent detormation. It is an important advantage of the Brinell te: ' —_ 


; . . \ a { betwee} 
that the load ratio ean he varied to suit abnormal testing conditions t 
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ess of the sections to be investigated, without interfering with th: 
of test results. If a load is applied which is equal to 30 times the 
the diameter of the ball used, the hardness values obtained will 


resent standard Brinell units. For instanee, 


C} 


a load of on a ball of 
30 kg 1 mm diameter 
120 kg 2 mm diametei 
750 kg 5 mm diametet 

3000 ke 10 mm diamete1 


entieal results on the standard Brinell hardness seaie. In the stana 
nell test of steel sections, we do not have to use different scales 
ve no relative meaning, but we are in a position to obtain test 

n one definite hardness scale, no matter whether the steel is thick or 
soft or hard. Of course, I do not recommend the use of small steel 
nless the dimensions of the section under test make the use of sueh 
indenting tools imperative. Dr. Brinell knew well what he wus doing 
selected the 10-mm ball as standard indenting tool for hardness 

o: it gives information on the average hardness over a good sized area, 
‘macro-hardness’’ of the material. For all practical purposes, it is 


macro’’-hardness, and not the ‘‘micro’’-hardness, which we have to 
ind to keep under control. Kor this reason, small indenting tools 
always be avoided in hardness testing, unless testing conditions make 
ise necessary. It is well to keep in mind that even in the latter case 
ve able to obtain test figures in standard Brinell units, if the correct 


tween load and ball diameter is applied. 


D> 


Referrmg to the classification of various types of ball indentation 
ness testing machines which Mr. German gives in his paper, I desire to 
ttention that one important type has been left unmentioned: I refer to 
machines in which ealibrated, elastic media are used to measure or 
he test loads applied. Some useful machines constructed on this prin 
re being made in England (Thos. Firth & Sons), France (Guillery), 
gium (Dérihon), Switzerland (Amsler), ete. 
There is a slight mixup in Mr. German’s elassification, especially in 
of what he says later. In some of the machines which he mentions th: 
s not applied by weights and levers or weights and eccentric, but is 
| by hand or motor power, usually through crank and gearing, and is 
red by the weights and levers. I refer particularly to those machines 
i the test piece is pushed upward against the ball (Riehlé, Alfred 
rt, ete.); in all these machines the test pressures are produced by hand 
r power and are then measured by weights. The same is trve in all 
s which use elastic dynamometers; the dynamometers do not pro 
load, but only measure and indicate, sometimes limit the loads 
re being applied. 
th, 


hydraulic machines mentioned by Mr. German we must differen 


tween ‘primary ’’ and ‘*secondary’’ gages. Nearly all these ma 


are provided with two gages: mostly one primary (dead weight pis 
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ton) gage and one secondary (ealibrated spring or Bourdon) gag 


primary alone is perfectly suflicient in a testing machine, w! 


roe 
brit poe 


secondary gages are no better than one secondary gage. 


To exp! 


difference between a primary and a secondary gage, for the measure: 


~ 


pressures, all that is necessary is to recall the definition of ‘* pressu 
pressure is the force acting upon unit area, the problem of its men 
is resolved into the determination of the force acting upon a know 
for instance on a piston. In engineering, there are only two types 
ary gages, viz. a column of mereury and a loaded piston. All se 
gages must be calibrated by such primary standards, and natural 
always advisable to use the primary standard directly, in the t 


materials, since its use insures accuracy and constancy of ealibrati 


cages do not 


mS 


Mr. German says that pressure permanently retain thei 


The | 


correctly designed and constructed, are not subjected to w 


acy, he naturally refers only to secondary pressure gages. 


aves, if 
tear and remain pertectly constant, 

Mr. German claims that the loaded piston gage, a universally 
primary standard in engineering measurements, possesses the ‘* disadvant 
of overloading, as an extra pressure is necessary to overcome inertia 
ing the weights and that there is an extra pressure due to the ris 
falling motion of the check weights in reaching equilibrium’’, 1 wo 


to ask Mr. German whether he has ever undertaken a series of tests t 


mine the presence and extent of these ‘‘ extra pressures’? whieh he 


ment 
or whether he is only presuming their existence, 


| have made hundreds of measurements to investigate this part 


that 


Alpha Co., is concerned, not the slightest inertia effect 


point and can state definitely far 


the 


as as the genuine Brinell ma 


made by 
present or perceptible, if the usual load rate of 100 kg per second is ap) 
when the test load is nearly approached. If some operator should abu 
machine and apply a more rapid rate, the maximum inertia effects 


possibly produce by a perfectly erazy testing speed would still be below 
S00 kg’), nt 


pressure remains perfectly constant as long as the piston floats, no 


per cent (30 kg at a load rate of 500 kg per second. Th 


1 


whether it flouts high or low, and if the machine is operated correctly, t! 


it no such thing as a rising and falling motion of the weights in rea . 
equilibrium, 


Only a few months ago, I shipped one of the genuine Brinell mac! 


out of regular stock, to the Bureau of Standards for calibration by means 


the difference in load between the load indicated by the Alpha mac! 
that indicated by the verifying ring. 
In Table 2 are 


repeatedly 


The errors are given in Tab 
the 


a given the results obtained when load was 


nine 
iTiy 


their verifying ring, calibrated by dead weights up to 3000 kg. | 8 
heheve that I violate any rule of ethies if I mention the following fi ' 
from the Bureau of Standards report, for the purpose of this scienti . 
discussion: 

‘*The error of the Alpha Brinell machine was measured by obser 


test 


q 
10 


If Mr, 


re ¢ orrect, 
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HARDNESS TEST 


Table 1. 
Errors of Alpha Brinell Machine 
Readings of verifying ring errors of 

in dead weight machine in Alpha machine Alpha machine 
ky 21.6 21.6 0 kg 
12.9 42.85 1.1 kg 
kg 64.25 64.2 l.l kg 

85.3 85.25 lL. kg 
ky 106.45 106.45 0 kg 
kg 127.6 127.6 0 kg 
Table 2. 
Reproducibility of Results 
Repeated Loadings 
test No. load lond determined by the verifying ring 

l 3000 kg 3000 kg 

= 3000 2998 

3 3000 38000 

t 3000 3000 

5 3000 PQOOYg 

6 3000 2999 

i 3000 3000 

S 3000 2999 

9 3000 3000 

LO 3000 ©999 


if Mr. German’s statement regarding the overload and extra pressures 
correct, the tendency in repeated loadings, Table 2, would naturally be 
» other side of 3000 kg, i.e. above and not below. 
| do not want to claim that all hydraulic machines of this type possess 
s high accuracy and freedom of inertia effects, but I Jo elaim it for the 
ne Brinell machines, Some of the counterfeit machines, usually con 
ug leather packing, piston rings, also an entirely different kind of 
in the dead weight gage, are very unsatisfactory and inaccurate. 
Mr. German has not mentioned in his paper a common souree of error in 
| testing: the contact pressure between the hall and test piece. There 
onsiderable leverage on the hand wheel, and I had oceasion to mak: 
measurements of these contact pressures applied in routine testing in 
ral plants, during recent months. In many eases the loads applied 
between 30 and 50 kg. [ am mentioning this point particularly, 
n all machines in which the testpiece is pushed upward, i.e. in whieh 
(tis apphed from below the testpiece, this tightening pressure is auto 
'y included in the load measurement. If the load comes from above, 
the ball to the testpiece, this initial loading in setting is often a 
of considerable error. For this reason, I am of the opinion that ot 


types of dead weight machines mentioned by Mr. German the one 
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in which the testpiece is forced upward into the ball is superior to the ones ‘te res 
in which the load is released downward on the ball. The inertia in ny ence, e 
or swinging the weights is negligible compared to the error produced }\y + The sec 
tightening pressure. All these dead weight machines possess other mate 
vantages and sources of error which make their use less desirable tha piece te 
of the genuine Brinell machines, of hydraulic construction. I am reciable | 
opposed to making such machines entirely automatic unless routine tests of larg, On ann 
quantities of metal products require a high speed. It is much better for ¢), nove suffi 
engineering profession to build up a staff of trained testing engineers jy} ression | 
watch their step and consider carefully what they are doing instead of }eing ling. 
trained to push a button. if rapid routine tests are required, every genuil Anothe: 
Brinell machine of hydraulic construction can be operated by means of the hum: 
motor-driven cam pump, automatically increasing the load, maintaining it the same re: 
for a desired period and automatically releasing it. All that is then Us lass. Expe 
sary is to insert and remove the test pieces. There is no opening or ¢losing tion. I hay 
of valves, no pushing of buttons, ete., while the accuracy obtained is gua rators, a 
anteed to equal that of careful hand operation. r to metho 

The general tendency in the installation of testing machines favors | do no 
cidedly the use of well-built hydraulic machinery, not only in hardness test aecuraeles 
ing but in tensile testing as well. If hydraulic machines are built without factor in th 
packing, diaphragms, knife edges and similar elements subject to wear « ibles found 
tear, and if the loads applied are automatically balanced against an inva ssibilities 
able primary standard of load measurement, they are far more constant, Written 
easier to operate, and in general much more satisfactory than the hori Mr. Ger 
lever and knife edge machines. Brinell 

I would like to close my discussion of Mr. German’s interesting paper the truths 


with the statement that in all the 26 years, since Dr. J. A. Brinell first practice. 


developed his original hardness testing machine in 1900, it has never bee: or to the tin 
necessary or possible to improve upon his original design and to duplica' which is oft 
the accuracy and constancy of the genuine Brinell machines, due to grain 
Written Discussion: By L. A. Lanning, Metallurgist, New Departur ameter reg 

; . : Brine 
Manufacturing Company. nell 


The title of this paper seems to be slightly misleading in that the aut! these points, 


° . . ‘ * . 7 9? pry tl e im ) 
has considered under the title of ‘‘Standardizing The Brinell Test’’ only on ; is — 
: . . : 4 ie im 

phase of the matter, namely: the machine itself, while amy or all of thi | 
: a oe . and ov 

standard machines on the market may be subject to error, within the ordu 


errors menti 
ary ranges of hardness these errors are slight. 


. The Ro: 

[ have personally made hundreds of tests using a small portable Brin 
. . . a ing elery 
machine, which applied the load by means of a cam arrangement, the int , ) 
. . ‘ ‘ . ‘ 2 am o 
sity of load applied being governed by a series of saucer-shaped springs. 4s 5 


. ° ° dness fign 
liable to error as this machine appeared to be, frequent tests foun: 8 


: : a . . ee progressive 
consistently maintain its accuracy. I believe that the machine in itself } 


quite likely to give us the least amount of trouble. Prinell num 

The Brinell ball itself is one source of possible error, particularly 10! Written 
hardened material. We all appreciate the difficulty in hardening sever! Mechanies a 
pieces of the same material to an absolutely uniform hardness, How the! We agr 


may we hope to obtain Brinell balls of such uniformity that we can obtal ecessary to 
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te readings over all ranges? This variation in Brinell balls has its 
nee, especially on hard material. 

rhe seeond factor effecting the Brinell reading, deals with the surface 
material and the actual reading of the impression. The surface of 
‘ece to be tested should be quite carefully prepared, scratches of any 

eciable size are apt to cause variable and inaccurate readings. 
On annealed high earbon stecls in particular care must be taken to 
ove sufficient depth of metal from the surface before making the Brinell 
ression or the influence of decarburization is apt to be reflected in the 
\nother and, I believe, vital cause of variables in the Brinell test, lies 
human equation. It is quite diffeult to get two observers to make 
t the same reading on a Brinell impression, even with the microscope reading 
ss. Experienee in our own shop has brought this forcibly to my atten- 
| have frequently witnessed variation of one division between two 
ators, an error greater than is liable to creep in due to the machine 

to method of load application. 

| do not wish to dispute Mr. German in that there are possibilities fo 
id iracies as he has indicated but I feel that he has touched the minor 
rin the standardizing of the Brinell test and that the principle vari 
les found in aetual testing conditions are most apt to lie outside the 


ssibilities touched upon by Mr. German. 


Written Discussion: By 8. P. Rockwell, Hartford, Conn. 

Mr. German has brought out very well the deficiencies in making acecur 
Brinell tests. If commercial users of Brinell-type testers would realize 
truths of which Mr. German brings out, less confusion would exist 
ractice. Hardly one concern in ten pays any attention to overloading 
) the time element or to the condition of the Brinell ball. Another point 
ch is often neglected is that the Brinell impression is often oval in shape 
to grain of metal tested, the average operator bases his results on one 


f meter reading. 


+ 


Brinell machines when sold have precautionary directions to prevent ali 
ese points, but it is apparently an error for one to read directions and ap 
the import. 
(he improved Brinell machine described by Mr. German eliminates the 
ind overloading factors. The operator must, however, watch the other 


mentioned, 


Che Rockwell tester in its early inception realized the time and over 
as ng element and has endeavored to safeguard these points. 
\. ' am glad to note that Mr. German uses impression diameters as his 
iness figure rather than the calculated Brinell number. Diameters are 
ei progressive by a uniform difference and mean more to the layman than 
brinell numbers which progress by increasing differences. 
Written Discussion: By L. B. Tuckerman, Assistant Chief, Division of 
nies and Sound, Bureau of Standards, Washington, D. C. 
We agree fully with Mr. German in his statements of the conditions 
ry to secure closely consistent Brinell readings. 





These may be stated: 










































68 TRANSACTIONS OF THE A. 8. 8. T. 


1. A sufficiently hard ball; 

2. A ball sufficiently close to the required diameter; 

3. <A sufficiently uniform rate of application of load; 

1. A sufficiently accurate and constantly maintained maximum 
5. A sufficiently constant time of application of the maximum 


1. Mr. German does not state whether balls showing 64 to 67 R 
cone represent satisfactory hardness for ordinary use. Presuma! 
thinks the Hultgren work-hardened balls the most satisfactory. Dy 
show 64 to 67 Rockwell cone? Is the Rockwell cone a satisfactory n 
of a suitable ball? 

2. This is not discussed here, presumably covered in his other 
tions. 

3, 4, 5. We agree that these are not automatically provided for 
the present commercial machines. That, however, does not prevent a 
operator from maintaining these conditions satisfactorily with machines ; 
on the market. It is of course convenient for the operator to |) 
these things provided for him, and presumably in laboratories where |}; 
tests are routine the extra money would be well invested. It is not 
ever, just to condemn machines as incapable of accurate use because 
less operator can misuse them. 

We do not agree that a compound lever machine with a downwa: 
tion of the weights prevents overloading. The deceleration of 
weights produces overload by the necessity of overcoming inertia just 
well as the acceleration of rising weights. 

There are on the market both hydraulic and compound lever ‘‘ris 
weight’’ machines on which a careful operator can apply the load at 
reasonable rate he desires and maintain the maximum load constant 
needful accuracy for any required time within any reasonable limits of 
euracy. 


The prevention of overloading by ‘‘overcoming inertia’’ or by ‘‘sw 


of the weights’’ whether in a ‘‘rising weight’’ or ‘‘falling weight’’ m: 


chine is solely a matter of preventing undue acceleration (or deceleratio: 
the weights. There is no principle involved either in ‘‘hydraulic’’ ma 
or in ‘* 
automatic mechanisms which would accomplish all, in the way of cont: 
rate of loading and maintenance of an accurate maximum of load for 
stant length of time, which is accomplished by Mr. German’s machin: 

Mr. German has produced a very ingenious and convenient m 
which will relieve the operator of much of the care now necessary to s 
reproducible Brinell numbers. The foregoing criticism does not in an) 
affect the usefulness, convenience and accuracy of his machine. 

The criticism is made solely to correct his statement: 

‘fA review of different devices for applying pressure shows that 
one, the first type of the weight and lever machine will give an accurat 
constant pressure.’’ 

If uncorrected, it might unduly prejudice readers against other 
accurate—though not necessarily as convenient machines, 


rising weight’’ machines which would prevent their being fitted wit 
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inor additional comment may be made. The cam mechanism he 
loes not, as might on casual reading be inferred, provide for all 
same rate of pressure application, the same time of pressure appli 
| the same time of application of the apphed load. Other things 
il the lower the Brinell number and the more flexible the piece 

slower will be the rate of pressure application, the longer the 
ressure application, and the shorter the time of application of the 
These are all, as he states fixed by the machine, and would within 

f accuracy of the machine be the same for duplicate tests on 
specimens, but would be different for different specimens. The 
es, however, are in all probability so small as to have no appreciable 


the readings obtained. 


Written Discussion: Ly 8. N. Petrenko, Associate Mechanical Engineer, 
f Standards, Washington, D. C. 
It is stated in this paper that ‘‘if pressure is applied rapidly, the 


will be greater’’. Is this statement based on experimental! 


eriments made at the Bureau of Standards did not show this to be 


all tested metals. Neither ean we see why this should be true 


lly. Different metals may respond differently to the rate of cold 


Numerous experiments, among them those made at the Bureau of 

St s, have shown that the ciameter of indentation continues to in 

erceptibly for at least 2 or 3 minutes (not 45 seconds as stated). 

S thors recommend as much as 5 minutes for accurate tests. However, 
with the author that the practical limit is much lower. 

The improved Brinell machine does not entirely solve the problem 
matic standardization of rate and time. The moment when the eam 
the roller is not fixed; it depends upon the depth of indentation. For 

terials it will come earlier than for soft materials with the result 
hard materials the rate is more rapid and the time under load is 

vreater, than for soft materiuls. 
Written Discussion: By H. L. Whittemore, Chief, Engineering Me 

Section, Bureau of Standards, Washington, D. C. 

German’s paper takes up a subject which is of great importance to 
als engineers, The wide use of the Brinell test in the determining 
tability of a material for the intended purpose emphasizes the 

of keeping the errors small, 
ld not, by any means, be considered that this paper diseusses all 
whieh may occur nor their magnitudes. 
list on page 54, should be added: 
size of the softer specimens, particularly the thickness, 
he diameter of the hard object. 
character of the surface of the soft material. 
accuracy of the apparatus for measuring the diameter of the 


indentation. ‘This, in turn, depends somewhat on the lighting 
onditions, 
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lary 
It would seem that no discussion of tle errors in Brinell num} WAR oboratin; 
complete without some consideratien of these matters. id. I ra 
Unfortunately, it has been found that the hardened steel balls 1 in seovered late! 
the Brinell test do deform permanently, at least when used on materi ne. readings. 
ing a high Brinell number, say 600 B. n. \s to the 
I was under the impression that the standard load for soft mater 7 | e operate 


500 kilograms, not 1500 kilograms as given in this paper. ng them b 


We have been studying the errors in Brinell tests for some tim: feeling that th 
Engineering Mechanics laboratory at the U. S. Bureau of Standards : 


| our lo the des 
experience does not entirely confirm Mr. German’s conclusions that accurat ection. With 
results cannot be obtained with Brinell machines for which pressure gages horizontal, and 
are used to measure the load. These machines have given a good account weording to W 
of themselves and if a Proving Ring’ is used to calibrate them from time ¢ must aceommos 
time should give accurate results. The fact that a careless operator may Krom the 
over or under load the specimen may make it advisable to use some othe power driven | 
type of machine but that is a different story. the pressure 0! 
We have found the inertia forees in the machines having check weight he excellent. 
to be small although precautions should be taken to prevent their exceeding kilogram load 
permissible magnitudes. This affers no practical difficulty. three seconds 
Mr. R. L. Templin® uses an Eastman photo timer for applying the loa the oil for the 
the desired length of time. We have followed his example and find it sat The questi 
isfactory. s satisfac 
The author of this paper gives sound reasons for believing that errors have to be dot 
exist in most Brinell machines but only for the rate of: application of tl pressure almost 
load and for the time under maximum load does he give experimental data § that you allow 
upon the amount of the errors. rials, in practi 
With the Brinell proving ring he can measure many of them anid the seconds, it apy 
decide whether or not they are serious, H. M. GE 
The Brinell machine which he recommends is designed on sound prin not conducted 
ples and should, apparently, give correct readings but other types of Brine! oading which 
machines alse give correct readings. Why discard them? The fact that M machine, but 1 
German’s machine is for the most part automatic is an advantage parti: load so rapid; 
larly if a large amount of work must be done with unskilled help. One ea um certain th 
not help wondering whether an appreciable error does not result from tl more of the n: 
use of ten (if I count correctly) bearings in the lever mechanism. it we would get | 
often increases the friction even if they are knife edges. Personally, ings. If all « 
should prefer to use plate fulerums following in the footsteps of A. I! weaned Sen 
Emery, the illustrious designer of the largest precision testing machines ir would be mim 
this country. lf a number ¢ 
Lastly, brethren, I beseech you to consider earefully before you acce) ee where hi 
the last statement, ‘‘These factors will remove all variables and stanardiz vrough with | 
the Brinell hardness test’’. It’s a large order and no machine will make i! \lso, whe 
telligent supervision unnecessary. during the w: 
chines before 
Oral Discussion when the ma 
A. L. Davis: Mr. Chairman and gentlemen, [ want to add my evident Served tests r 
~ iSee “Elastic Ring for Verification of Brinell Hardness Testing Machines,”’’ T'RANSACTIONS pon taking 


American Society for Steel Treating, March, 1926, Vol. IX, No. 3, p. 420. 
*Chief Engineer of Tests, Aluminum Company of America, 
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oborating what Mr. German says about hand pump machines producing 
| | ran into trouble when I thought I was trying to be careful. 1| 
ered later that I was not quite careful enough and I have gotten too 
readings. (diameter of impression). 
\s to the lever-type machines, I think they have proved disappointing. 
operated them in years gone by, and had expected very much when 
no them but was disappointed in their use, so much so that I have some 
> that the best path out does not lie by way of levers. 
; the design which Mr. German is suggesting I think there is an ol} 
With the top lever the multiplication will be exact only when it is 
ontal, and, of course, the position of that top lever will vary a little bit 
rding to whether very hard or very soft material is being tested, as it 
: + aceommodate itself to the movements of the ball into the specimen. 
rom the information that has come from those who bave used the 
driven hydraulic machines which have a safety release valve so that 
ressure of the oil cannot exceed a certain amount the reports seem to 
excellent. They are rapid, of course, bringing the pressure up to a 3,000 
<ijlogram load in from one second (on very hard material) to not exceeding 
hree seconds (on the softest steel), the extra time being required to pump 
| for the added piston travel for deep impressions, 
[he question is going to arise as to whether that extremely rapid load 
s satisfactory. Practically, the users consider that it is; but work will 
have to be done to prove it. But it is a great thing to be able to get your 
pressure almost immediately, and it is very possible to regulate then the time 
you allow it to stay on. With rather hard materials, heat treated mate 
rials, in practice I think they find that in a short time, as, for instanee, five 
seconds, it appears to give then standard or, at least, constant results. 
H. M. GERMAN: In reply to the written discussion of Mr. Holz, I have 
onducted any actual tests to find out what is the exact amount of over 
oading which may be produced in operating the hand pump type of Brinell 
Mi machine, but if the gage is any indication, I have seen operators apply the 
ad so rapidly that they would produce at least a 200-kilogram overload. | 
im certain that when we have a rapid application of pressure, it assumes 
o, more of the nature of an impact, and we have found that on soft materials 
hi we would get as high as two-tenths of a millimeter difference in actual read 
ngs. If all operators applied a pressure at the rate of 100 kilograms per 
- nd when the test load is nearly approached, the error of overloading 
ll be minimized, but in actual practice we know that this is not done 
number of test pieces are ahead of a man out in the operating depart 
where he has to keep up with production, you know he is going to get 
‘i, through with them in a hurry; therefore the tests are not standardized. 


\lso, when operating hydraulic machines in the production departments 


during the winter months it is oftentimes necessary to thaw out the m:x- 
before work can be started. The conditions are entirely different 
he machines are operated in a well-heated laboratory. I have ob- 
tests made on a cold maehine which I thought were incorrect, and 


ing 


xs ‘King the pieces into the laboratory and retesting them have ob- 
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- ny LG Cc 
tained entirely different results. These errors would not oceur with the { THe a 
of machine as described in the paper. OT 


So far as the results which Mr. Holz gives in his paper, I wi 
question the accuracy of any new Brinell machine which had been 
calibrated, particularly when the tests were made under ideal cond 
conducted by the Bureau of Standards; but if the tests were made . 


chine after it had been in service for a number of years, and if it w The 
ducted by the average shop man in the same manner as he would pr hot-roll 
making a regular production test, I feel confident that the figures g grees ¢ 
Mr. Holz would not be duplicated. Of course, the tests as made in ey mared 
practice in the shop must be made by the shop men, for high salaried, Cha 
engineers cannot be used for production work. the nov 
I might also add that I have seen many so-called trained engin: does ne« 
did not regulate the speed of load application or the time in which th ng ten 
was applied in making the Brinell test. Therefore, I feel that anything Dat 
ean do to eliminate the personal equation in making the Brinell test lension 
tend to standardize the test. proper 
In reply to the criticisms of L. A. Lanning may I say that the | Req 
deals not only with machine design but also the personal factor in cussed 
ing the test. The extent of error is largely governed by the car lor ref 
curacy used in making a test. Therefore if a machine is designed t A ¢ 
nate the personal factor and at the same time apply an accurate load it is Warten 
decided advance toward obtaining accurate and consistant results. ease of 
The error due to variation in the hardness of Brinell balls is s t 13 measur 


balls ean be purchased which are uniform in hardness and accurate 
It cannot be questioned that the surface of the specimen at thi 


‘EERE 
EFERE 

test should be flat and free from deep scratches in order to obtain accurat 

readings and it is recognized that decarburization will effect the amount ot vestiga 

deformation. torv of the | 


Errors in reading the diameter of the depression can be larg: stainless iro 


nated by the use of an illuminated magnifying glass, which will giv: liscuss the » 
: ‘ : GSC] ¢ 
definition, and by taking two readings at right angles from each othe: 


dina ive alread: 
that the depression is round. Oval depressions are not accurate and s ad, 


. TPS 1 ‘ 
be discarded. t method: 
I do not agree with Mr. Lanning that a greater error is caus¢ 


correct reading of the diameter of depression than in the design and n 


is tl 
: . . . > ° le 

lation of the Brinell Machine. I have frequently observed variations cha — 
great as 0.2 millimeters due to too rapid application of load and overloadin: i TMs papel 


whereas the error in reading the depression should be less than 0. 


) 
a ; : ; -OF 
meter if the surface has been properly prepared before making the test PROI 
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rHE TENSILE PROPERTIES OF STAINLESS IRON AND 


iL 4 


OTHER ALLOYS AT ELEVATED TEMPERATURES 
By P. G. McVerry anp N. L. Mocnen. 


Abstract 


The tensile properties of annealed stainless iron and 
iot-rolled Monel metal at temperatures up to 500 de- 
srees Cent. (930 degrees Fahr.) are discussed and com- 
ared with similar properties of seven other materials. 

Charts are presented to show that a comparison of 
the normal temperature tensile properties of matervals 
loes not indicate their relative value at elevated work- 
ng tempe ratures. 

Data are presented to show the effects of sustained 
fension loading at a high temperature upon the tensile 
properties of materials at that temperature. 

Requirements of apparatus for these tests are dis- 
issed in detail urth special reference to the necessity 
or refinement of stress and strain-measurements. 

A description is given of a modified form of the 
Vartens extensometer which combines simplicity and 
ease of operation with a high degree of precision of 
measurement, 

INTRODUCTION 


| Repberceriieini has been made before this society (1)* to the in- 


vestigation in process at the Westinghouse Research Labora 
ry of the effects of elevated temperatures on a certain grade of 
stainless iron and other alloys. The purpose of this paper is to 
liscuss the results of this investigation; to add to the data which 

already been published (2) and to stimulate discussion of 
test methods. 


ANALYSIS AND HEAT TREATMENT 


{"} 


ie analyses and heat treatments of all materials referred to 
s paper are given in Tables I and II of the Appendix. 


PROPERTIES OF MATERIALS AT VARIOUS TEMPERATURES 


in the following paragraph the physical properties of annealed 
hgures appearing in parentheses refer to the list of references appended to this paper 
per presented before the eighth annual convention of the Society, 
icago, September 20 to 24, 1926. Of the authors P. G. MeVetty is 
engineer, research department, Westinghouse Electric and Mfg. 
Pittsburgh, Pa., and N. L. Mochel is metallurgical engineer, South 
ia Works, Westinghouse Electric and Mfg. Company. 


{ 
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stainless iron and hot-rolled Monel metal at elevated temperatura 
are given and a comparison is made with similar properties of sey, 
other materials. 


(1) Annealed stainless iron (Material G.) Fig. 1 shows th, 
appearance of the fractures of this material as obtained in th 


short-time tests at elevated temperatures. 











joorc 200°C 300°C 400°C ° 500°C 


Fig. 1—Fractures of Annealed Stainless Iron—Material G. 


Fig. 2 shows the tensile properties at these temperatures. |: 


has been reported (2) for the heat treated condition of this m: 
terial, the properties are affected in a less degree by high tempel 
ature than any of the other materials examined. 

(2) Monel Metal (Material DL.) Fig. 3 shows the apy 
ance of the fractures of this material as obtained in the short ti 


tensile tests at elevated temperatures. Both tests at 930 degree 


Fahr. (500 degrees Cent.) show the same peculiar type of fractu 


which is entirely different from the appearance at 750 degree 


Fahr. (400 degrees Cent.) and lower temperatures. 
Fig. 4 shows the tensile properties at these temperatures 


is evident that a marked decrease of ductility oceurs at 930 degree 
Fahr. (500 degrees Cent.) which would account for the appearan 


of brittleness in the test at that temperature. 


(3) Comparison with other materials. In Figs. 5, 6, 7 and' 


the main physical properties of annealed stainless iron (Material 
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STAINLESS IRON AT HIGH TEMPERATURES 


hot-rolled Monel metal (Material L) are compared with seven 








materials over the range of temperature studied. These 
ts are self-explanatory and the relative value of the various 
rials may be readily compared. For example, it is evident that 
trength of heat treated stainless iron is superior to that of any 
¢ the other materials examined up to a temperature of 750 degrees 
75 
_ Reduction of Aree 
3 1 — 
©) = Limae 
x % 
EF TO 140 
s 3,2 
5 PS) 
€ “15 5h 
0 
; 425 
S35 gio 
a 
0 415 
a2 10 
3 oy e 5 
0m gS 
10°C 
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~omperature ~ Degrees Centigrade 


Fig. 2——Tensile Properties of Annealed Stain 
less Iron—Material G—at Various Temperatures. 


. Fahr. (400 degrees Cent.). This is shown by the comparison of 
7 ltimate strengths, proportional limits, and moduli of elasticity. 
Furthermore the ductility is extremely high and there is no tend- 
eney toward brittleness as is found in the blue heat range of medium 
carbon steel at about 525 degrees Fahr. (275 degrees Cent.). Be- 
al tween 750 and 930 degrees Fahr. (400 and 500 degrees Cent.) the 
iltimate strength is still higher than the other materials but it is 
ol venerally conceded that working stresses at elevated temperatures 

tor steady stress conditions must be based upon the proportional 
limits rather than the ultimate strengths. 
el Keferring to Fig. 6, we find that most of the effect of heat treat- 
von ( ment of stainless iron and of 5 per cent nickel steel is lost at 930 
7 degrees Fahr. (500 degrees Cent.). The heat treated medium ear- 


willl bon steel retains some of the effect of heat treatment at 930 degrees 
ali 


1 Fahr, (500 degrees Cent.) and it is interesting to note that its pro- 
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portional limit is about the same as that of Monel metal which js litions 

higher at that temperature than that of any of the other materials nts to 

examined. time, stres 
It is usually considered that the properties of a heat treated iplicate 

steel will not be affected by a working temperature which is lowe 


than the drawing temperature of the original heat treatment. hj 





100°C 200°C 300°C 400°C 500°C §00°C 


Fig. 3—Fractures of Hot-Rolled Monel Metal -Material L. 1 . 
which in 


may be true if the time of exposure to the elevated temperatur considera 
is short but the data presented here show that time and temperatur direction. 
are interrelated and a similar annealing effect may be secured )) ported hi 
long exposure to a lower temperature as that obtained by th test speci 
original short exposure to the drawing temperature. This cond ture over 
tion is well known in the ease of annealing nonferrous materials or flow t 
such as copper (3) but it is not so generally known that this fact of the lc 
may require consideration also in the heat treatment of steels for usual da 
applications at elevated temperatures. propertie 

(4) Effect of time element on physical properties. The mat This sery 
ter of deterioration of materials under exposure to elevated temper within tk 
atures has been referred to by Fenwick (4), Mellanby and Kerr (9 than the 
and others, especially in connection with turbine blading. Thi temperat 


short time tensile test cannot indicate the effect of such servic strength 
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3 litions upon the material. It is evident that a test which at- 
ots to duplicate these service conditions involving effects of 
. stress, temperature, corrosion and erosion would be long and 
plicated. We feel, however, that our long-time tensile tests 


60 
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. Fig. 4—Tensile Properties of Hot-Rolled 
Monel Metal—Material L—at Various Tem- 
peratures. 


which include the effects of time, stress and temperature, yield 
considerable additional information and are a step in the right 

direction. Most of the long-time tensile tests which have been re- 

ported have considered only the measurement of extension of the 

th test specimen while it is exposed to constant stress and tempera- 
R : ture over various periods of time. Our tests measure this extension 
| r tlow to the nearest millionth of an inch and at the termination 
{ the long-time test, a short time tensile test is made and the 
fo! usual data obtained at the same temperature so that the tensile 
properties may be compared with those of the original material. 

his serves as a check on the possible deterioration of the material 

ner within the period of the long-time test. If the final strength is less 
than the original, it may be due to a slow annealing effect at the 
The temperature of the test. If, as sometimes happens, the final 
strength is greater than the original, it may be due to strain hard- 
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ening caused by the extension and not relieved by the temperat\ir 
of the test. One advantage of extreme refinement of strain meas. 
urement is that it allows a study to be made of these effects. 


Cs per Square inch 


$ 0f Poun 
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Fig. 5—Effect of Temperature on Ul 
timate Strengths of Various Materials. 


In Table | there are given some data on the properties of stain 
less iron (Materials G and F) at 750 degrees Fahr. (400 degree. 
Cent.) before and after long-time tests at that temperature and 
various stresses. 

Most of these preliminary tests were made at stresses below thi 
proportional limit at the corresponding temperature. Under these 
conditions the annealed material shows practically no change o! 


properties as a result of stressing at 750 degrees Fahr. (400 degrees 


Cent.) for a period of one month. At higher stresses in the pre 
liminary test, the material was strain-hardened by the elongation 
and this hardening was not relieved by the temperature of 750 de 
grees Fahr. (400 degrees Cent.). This is shown by the increased 
strength and decreased ductility values of tests 1, 16 and 14. 
Similar tests of the heat treated material (Table IT) show con 


siderable variation in the results. This is probably due to the 
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STAINLESS IRON AT HIGH TEMPERATURES 
ficulty of securing absolutely uniform heat treated specimens. 
"hese tests are being repeated with a new lot of material and re- 
ilts will be reported later. 

5) Brittleness at elevated temperatures. Cases still exist 
here materials are applied to high temperature conditions with a 


Tables I and II 
Effects of Preliminary Loading at 750 Degrees Fahr. for Various Lengths 
of Time on the Tensile Properties of Stainless Iron 


Table I 
Material G—annealed 
Modulus 
Ulti of 
Preliminary Loading mate Elasticity 
in Long Time Test P. ah aa. Strength Million Elongation 
Lbs. Lbs. Lbs. Lbs. / Lbs. o"" 3°" Reduction 
Sq. In °C. Hours Sq. In. Sq. In. Sq. In. Sq. In. Yo % of Area % 
0 22.500 27,000 55,750 26.8 29.5 2 4 71.6 
. ; — 0 19,000 26,000 56,500 6.5 29.0 93 (0) 69.5 
18,000 400 168 19,000 25,600 56,500 "26.2 31.0 25.7 71.5 
18,000 400 168 20,000 26,250 56,850 26.0 30.5 24.0 71.6 
& 18.000 400 168 20,000 26,150 57,250 27 .8 $9.8 20.8 7.2 
) 18,000 400 168 20,000 25,400 57,000 28.1 32.0 25.7 71.8 
18,000 400 = 9 Bee \° -sateretens 58,000 ee 30.0 24.0 68.8 
11 18,000 400 742 19,000 25,000 56,500 27.0 80.5 94.7 72.3 
l 30,000 400 909 28,000 33,625 56,650 27.0 28.2 22.3 64.7 
16 40,000 400 2,153 36,500 45,800 59,300 295.8 25.0 19.4 70.7 
14 50.000 400 1,990 44,700 61,300 70,000 26.8 eet 11.4 64.2 
Table II 
Material F—heat treated 
Modulus 
Ulti of 
Preliminary Loading mate Elasticity 
in Long Time Test P. ly i Strength Million Elongation 
Test Lbs. Lbs. Lbs. Lbs. / Lbs. Ate 8’ Reductior 
N Sq. In. °C. Hours Sq. In.  S8q. In. Sq. In. Sq. In % % of Area % 
33 # #$#éwsarme oan 0 42,500 103,000 115,000 26.5 15.5 10.3 67.2 
8-4-33 30,000 400 1 32,500 107,500 119,800 2t.0 15.5 10.7 64.5 
8-4-28 30,000 400 186.5 650,000 110,500 125,000 26.8 15.5 10.7 69.3 
8-4-3830 30,000 400 670 27.500 118,000 129,500 26.9 183.0 7 67.0 
8-4-27 30,000 400 764 40,000 108,500 118,000 26.0 16.0 11.0 67.9 
8-4-3] 30,000 400 3,300 


et a ree 114,750 ess 15.5 13.0 61.1 


Vote—Since these long time tests were made on bars of standard diameter (0.505 inch) 
juestion of effect of bar diameter can be excluded from this comparison. Some of th 
p data for these tests have already been published. (6) 


nowledge of the tensile properties at normal temperature only. 
\llowance is usually made for a decrease in strength but it is not 
»common to anticipate a decrease in ductility as the temperature 
is increased. This condition is noticeable in the ‘‘blue-brittle’’ 
range of ordinary steels at about 525 degrees Fahr. (275 degrees 
Cent.) and we find even more pronounced effects in brass at 750 
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degrees Fahr. (400 degrees Cent.) and in Monel metal at 930 de 
Fig. 3 shows two square fract tires 
of Monel metal at 930 degrees Fahr. (500 degrees Cent.) 


crees Fahr. (500 degrees Cent.). 
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Fig. 6—Effect of Temperature on Pro- 
portional Limits of Various Materials. 
though the ductility is high at 750 degrees Fahr. (400 degrees 
Cent.). When this condition exists, the fracture is liable to occu’ 
at any slight surface imperfection such as the grooves 0.002 inc! 
deep used to locate the high temperature extensometer. This gives 
further proof that design data must be obtained from tests made a‘ 
the temperature at which the material is to be used. 


EQUIPMENT AND MernHops or TEST 


At the present time, the methods of tension testing at normal 
temperature are not completely standardized. At elevated tempera- 
tures, even greater differences exist and these must be considered 
in comparing the results obtained by different investigators. An 
excellent resumé of equipment and test methods was published in 
1924 (7). Since that time additional information has been pub- 
lished by R. B. Wilhelm (8), H. J. French, (9, 10), V. T. Malcolm 
(11), L. W. Spring and J. Kanter (12), and others. (2) It is ex 
pected that there will be a gradual development of procedure which 
may eventually lead to standardization of test methods. To that 


end, and to stimulate constructive discussion, it appears desirabl 
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STAINLESS IRON AT HIGH TEMPERATURES 8] 
nsider some of the details in which tests at elevated tempera- 
. differ from the ordinary tensile test. It is attention to these 
ls, some of which appear trivial which may mean the differ- 
between success and failure in standardizing tests at elevated 
eratures. 
| 1 Furnace. The matter of furnace design has been eov- 
in the excellent paper by L. W. Spring and J. Kanter (12). 
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Effect of Temperature on Mod 
ulus of Elasticity of Various Materials. 


We have used a furnace of the type they recommend since the be- 
a sinning of our high temperature work (8) three years ago and 
d find it very well suited to our needs. 
\] ~) Temperature control. Under ordinary conditions, ex- 
In treme refinement of temperature control may not be necessary. 


When, however, test conditions require that strain measurements 
be made to the nearest millionth of an inch, it is evident that the 


x expansion or contraction of the test piece resulting from very slight 
‘h ‘hanges in temperature will affect these measurements. A gradual 
it , temperature change may change the slope of the stress-strain curve 


i false value of modulus of elasticity. A sudden temperature 
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change may indicate a false value of proportional limit. {t ha 
been shown (2, 6) that it is possible to control the temperatur 
within 1 degree Cent. over long periods of time. A much ¢loge 
control is necessary over the elastic range of a short-time tes. 


For close control it appears desirable that at least 90 per cent oj 


\ Normahzed 
Heat Treated 


Reduction of Area ~ Per Cent 





025 100 200300400800 
Temperature — Degrees Cent 
Fig. 8—Effect of Temperature on Ductili- 
ties of Various Materials. 
the necessary furnace current be applied continuously. The aut 
matic control then operates by making comparatively smal] changes 
in the furnace current. This gives much better results than tl 
common practice of controlling a relay which opens and closes ti 
main furnace circuit. In this and in some other respects, tle 
method of application is fully as important as the character 
istics of the control instrument itself. 

(3) Measurement of extension. It has been shown (6) thi! 
the interpretation of results of long-time tensile tests at elevate! 
temperatures is largely dependent upon the refinement of the mea 
urement of extension. It will be shown that a similar conditid 
exists in determining proportional limits of all materials at ¢lé 
vated temperatures and also at normal temperatures with sult 
alloys such as stainless iron. We have found that the Martet 
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ths of an inch gives good results in short-time tensile tests. 
\When it is necessary to take successive readings over long periods 
time it is almost impossible to prevent disturbance of this in- 
iment. To avoid this difficulty, we have replaced the Martens 
escopes by a specially designed projection apparatus on all of 

- Jong-time tensile testing machines. 
Kigs. 9, 10 and 11 show respectively photographs of the as- 
sembled projection instrument, the component parts of the instru- 





— an yy 


j 
i 





Fig. 9—Optical Extensometers with Adjustable Support. 

uent, and a cross sectional drawing of the parts in place. This is 
olted rigidly to the frame of the testing machine. The lamp 
serves to illuminate the very fine cross-wires, the image of which 
is projected by the lens on the mirror and back on a scale on the 
opposite wall. This instrument is easily protected from disturb- 
ance, requires no additional floor space, can be made at small ex- 
pense and its accuracy is somewhat better than that of the standard 
Martens apparatus. With scales fifteen feet from the mirrors. it 
is possible to read to the nearest hundred-thousandth and to esti- 
mate millionths of an inch. 

t) Measurement of applied stress. From the method of 
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(13) it is evident that the requisite accuracy of stress measur 
is definitely related to the accuracy of strain measurement, ani) this 
relation depends upon the modulus of elasticity of the materia 
being tested. (14, 15). In the use of this method it is sp 

that the sensitivity of the testing machine be not greater than | 


+ 








per cent. Applying this to an average value of proportional limit 
of 30,000 pounds per square inch, the machine must be capable 0 
showing changes of stress of 120 pounds per square inch. For 
modulus of 30 million, an error of this amount in the stress meas: 
urement will give the same apparent deviation from the elast 
curve as an error of 4 millionths of an inch per inch in the strail 
measurement. It is therefore apparent that the advantage to | 
gained from precise measurement of strain is limited by thie se! 
sitivity of the testing machine used. 

Commercial testing machines are allowed a tolerance of 1.5 pe! 
cent and a deviation from correct alignment of 0.01 inch. 1! 
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Fig. 11—Assembly Drawing of Optical Extensum 
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Fig. 12—Various Types of Eccentricity of Loading in 
the Tensile Test. 
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former represents a possible 1.5 per cent error in stress measiire. 
ment. The latter is more serious as it has been shown (16) 
this amount of deviation from correct alignment causes an increase 


Nat 


of 15 per cent over the measured stress on a standard 0.505 inch 


diameter test piece. 
Mig, 12 shows a few typical eases of eccentric loading inc! 
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Fig. 13—Tensile Test of Normalized Medium Car- 
bon Steel—Material B—at 400 Degrees Cent. 
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ve 


ing the bent test piece and various possible incorrect settings in tli 
machine. In each case the stress may be resolved into components 
of tension and bending of which the former alone is measured 
We have had cases in which this error amounted to 40 per cent 
and it is our practice to discard determinations of proportional 
limits in which the readings show evidence of eccentricity 0! 
loading. 

(5) Proportional limit determinations. Work by Dr. Me- 
Adam (17) and by one of the authors (1) has shown that, in tests 
at normal temperature, the values of proportional limit, elastic 
limit, and Johnson’s limit may be widely separated under certail 
conditions depending upon the analysis and heat treatment of the 
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‘terial. This condition is known to exist at elevated tempera- 
res also and tests indicate that the difficulty of determining pro 


ortional limits of all materials increases as the temperature is 
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Fig. 14—Tensile Test of Heat Treated Stainless Iron—Material F 
it 400 Degrees Cent. 
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Fig. 15—Deviation from Proportionality—-Same Data as Fig. 15 


ucreased. It follows that precise measurements of stress and strain 
ire generally necessary for this determination at elevated tempera- 
tures and also at normal temperature for certain alloys such as 
Stainless iron. 

Fig. 13 shows a typical tensile test curve for normalized 
medium carbon steel at 750 degrees Fahr. (400 degrees Cent.) and 
ig. 14 shows a similar curve for heat treated stainless iron at 
the same temperature. In the first case the values of proportional 
limit and Johnson’s limit are relatively close together but in the 
second case they are 27,000 and 80,000 pounds per square inch, 
respectively. 

Fig. 15 and 16 show the same data for these two tests plotted 
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in such a way as to indicate deviation from the elastic curve 
stead of total elongation. Since the determination of proporti 
limit is based on the measurement of this deviation, these eu 
show how the chosen value is affected by the type of material 
the degree of precision of strain measurement. 

In Fig. 17 these two curves are plotted to the same scale 
comparison. A change in the accuracy of measurement of total 


100 } | | } 
80 —_——— + 1 a 4 






Qo 


ev 


“" 
oS 


tress ~ Thousands of Pounds Per Sq. Inch 
& 


0.4 0.6 0.8 1.0 12 i4 Le 


Deviation From Elastic Curve~ Thousandths of an !ncn 


oo 
e 
a 


Fig. 16—Deviation trom Propcrtionalitv—Same Data as Fig. 14. 
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Fig. 17—Effect of Accuracy of Strain Measurement Upon the 
Determination of Proportional Limits. 


elongation from 0.0002 inch to 0.000004 inch reduces the apparent 
value of proportional limit by about 17 per cent in the case of the 
medium carbon steel and over 50 per cent in the case of the stain- 
less iron. These curves give a basis upon which the desirability 
of a change toward greater accuracy of strain measurement may be 
based. 
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STAINLESS IRON AT HIGH TEMPERATURES 


6) Uniformity of test specimens. When comparative tests 
made, it is essential that every precaution be taken to ensure 
formity among the several test specimens. All of our steel 
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Fig. 18—Fractures of Monel Metal 

test specimens used for deterioration tests, (Tables I and IL) are 
hecked by Brinell and magnetic tests (18, 19) before their selec- 

n for use in tensile tests at elevated temperatures. 

SUMMARY AND CONCLUSIONS 

The data presented may be summarized as follows: 
1. Annealed stainless iron of the grade examined is shown to 
ssess good tensile properties up to 750 degrees Fahr. (400 degrees 


i Cent.) without any evidence of brittleness. Between 750 and 930 
YY rees Fahr. (400 and 500 degrees Cent.) the strength decreases 


re rapidly and the ductility increases. 


Hot-rolled Monel metal shows very good tensile properties 
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up to 750 degrees Fahr. (400 degrees Cent.) but at 930 degrees 
Fahr. (500 degrees Cent.) there is a considerable loss of ductility 
which is accentuated in the presence of a notch. 

3. Charts are presented in which the main tensile proper. 
ties of nine materials are compared in the entire range of tempera 
tures studied. These charts bring out the value of heat treating 
stainless iron for application up to 750 degrees Fahr. (400 degrees 
Cent.). At 930 degrees Fahr. (500 degrees Cent.) some of this 
advantage is lost. 

4. Tests show that annealed stainless iron of the grade ex 
amined does not deteriorate as a result of exposure to stress and 
temperature for periods up to one month. Similar tests of heat 
treated stainless iron show that the ultimate strength and duct! 
ity are not seriously affected by such exposure for periods up to 
41%, months. Tests of this material are being repeated. 

5. Details of equipment and procedure are given to stim- 
ulate discussion and to further the cause of standardized methods 
of tensile testing at elevated temperatures. 
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APPENDIX I 


Table I 
Analysis and Heat Treatment of Steels 
Mate 
rial Description Chemical Composition—Per Cent 


eS Mn P s Si Ni Cr Cu 

A Medium Carbon Steel 0.37 0.63 0.012 0.037 0.11 

De EE ‘9. ces tneee 
B Medium Carbon Steel 

Bars, 2” in diam. 

Normalized at 875°C 

Soaked 3 hours at 

temperature; Air 


GO «Saas on oewen 0.37 0.63 0.012 0.037 0.11 
C Medium Carbon Steel 
Bars 2” in diam. 


Quenched in water 
from 850°C; drawn 
at 600°C; Cooled in 
the furnace ....... 0.37 0.63 0.012 0.037 0.11 
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DISCUSSION 


5% Nickel Steel rolled 
bars, 1” in diam. 
Normalized at 815°C, 
Air Cooled ........ 0.09 0.41 0.012 0.024 0.120 4.60 0.11 
% Nickel Steel 
Forged bars %” x 
7%”; Oil quenched 
from 785°C; drawn 
at 620°C; Cooled 
from draw in oil... 0.10 0.32 0.010 0.027 0.127 4.57 0.07 
Stainless Iron. Forged 
Bars, 7%” x %”; Oil 
quenched from 
955°C; drawn at 
565°C; eooled from 
Grew 19:@0 i «sss 0.09 0.52 0.010 0.017 0.47 0.52 12.32 nil 
Stainless lron Rolled 
Bars 1” x 1”; An- 


nealed at 790°C.... 0.09 0.52 0.010 0.017 0.47 0.52 12.23 nil 


5S 


Table II 
Analysis and Heat Treatment of Nonferrous Metals 


Chemical Composition, Per Cent 
Description Cu Sn Fe Mn Zn Pb Al Ni C Ss Si 


Cast Manga- 
nese Bronze 
As Cast 68.4 90.79 0.68 0.88 39.0 0.081 0.71 
Brass—Rolled 
ind Drawn, 
Annealed at 
165° C, for 
;) Minutes 70.0 .... ae ce wine eee 
Monel Metal 
Hot Rolled 
As Received 28.71 .... 1.94 SE Gime sane Nil 67.15 0.17 Nil 0.05 
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Written Discusion:—By T. McLean Jasper, A. O. Smith Corporation, 


kee, 


he writer wishes to compliment the authors on the experiments reported 
paper and also wishes to respond to the expression of their sincere desire 
lating the discussion on test results and test methods. Undoubtedly 
onsiderable amount of painstaking work has been done and this should 
the recognition it deserves. Unfortunately the methods adopted in ob- 


the results are not as clear as might be desired and therefore difficulty 


encountered in discussing the methods of testing adopted by the 


in this paper. 


writer is particularly interested in the correct values of the elastic 
s for steel and other ferrous metals at elevated temperatures. He has 
recognize that varying values of the modulus of elasticity will be ob- 
particular elevated temperatures for any one material which will 
irgely on the rate at which the load is applied. No degree of 


ty of strain or of load measurements will overcome this difficulty. 


The 
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writer therefore believes that the author’s results for the modulus of 
at 500 degrees Cent., are considerably too high. The curve showing 
of the modulus of elasticity for five per cent nickel steel normalized (fig. 7 
The writer does not believe that the value of the m 
elasticity ever changes to a higher value for any positive increment (f ¢, 
perature within the range of temperatures investigated by the authors. 1) 
observations are based on experimental data, on considerations of the ‘‘ kino+ 



































seems unusual. 


theory’’ of solids and on consideration of the increase of atomic mobility wi: 
increase of temperature. 

The writer would therefore respectfully inquire how the valu 
modulus of elasticity were obtained especially the rate at which the loads 
applied at various elevated temperatures. 


Were 


The application of the value of the modulus of elasticity and m Is ¢ 
rigidity to design calculations bears directly on the operation of springs 
other devices which may be used at elevated temperatures. 

The writer would like to draw attention to some very excellent resu!ts 
tests on metals at elevated temperatures by Prof. F. C. Lea, Sheffield Universit 
which are published in quite a few papers during recent years and whic! 
properly form part of the author’s bibliography. 

H. W. GrawamM: I should like to ask Mr. MeVetty if he has 
any increase in tensile strength at slightly elevated temperatures. Results of 
older experiments published some years ago almost always indicat: 

I have had some op) 
tunity to witness rather crude tests that also have supported this 

may have missed the point in the paper but it seems to me the charts ind 

a rather constant decrease in tensile strength and proportional limit as th 
temperatures were increased. I think one would expect that with the duet 
shown there would be some increase in tensile strength. 

I have seen some experiments made with somewhat higher temperatures 
than were dealt with in this paper, particularly up above 1400 or 1500 degrees 
Fahr., (760 or 815 degrees Cent.), in an effort to study the physical properties 
of steel at forging temperatures. 


crease in tensile strength at an elevated temperature. 


And there, in ranges that went from 120 
to about 1600 degrees Fahr., (650 to 870 degrees Cent.) we found some tests 
that were very much like the monel metal tests of which Mr. MeVetty speaks 
There seem to be sudden changes of ductility in the temperature areas about 
the transformation point, and some of them were extremely important 

We made some tests on ingot iron in an effort to study the effects ot 
minimum of carbon, using that as one reference point on the extreme en 0! 
eurve, and it was found that with extreme 
they would break. Some effort was made to apply this to the rolling 
and forging problem, but with no great success. There might be, however, 
some interesting work carried out to associate the type of fractures obtaine: 
with the critical points and the structure of the material at those temper 
tures. 

R, L. TEMPLIN: 


the carbon temperatures, 









+hy 


Mr. Chairman, we have done quite a little work on 
testing of aluminum at high temperatures. The paper covering that wor 
is now in the process of preparation and perhaps therefore it is a litt 
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re to say anything about the actual results which we obtained but a 
nts in connection with the technique of testing used by the authors 

| to those we have used might be mentioned. 
thing that impresses me has to do with the form of test specimen 
We have been averse to the use of a test specimen with threaded ends 
lesign shown by the authors of this paper because our tests indicated 
the higher temperatures, in what is called the ‘‘hot-short’’ range, 
the material beeomes brittle, it is extremely difficult to get satisfactory 
sing such a specimen. We use a slightly different form of threaded 

piece which appears to give us much more satisfactory results. 
other point, if I correetly understood the drawing shown, the thermo 
s used by the authors in measuring the temperature are just put 
the side of the furnace so as to be adjacent to or nearly touch the 
wen. I am wondering whether they have found that such a scheme 
satisfactory temperature values for the test specimen. We did not find 
so for our work. 

Ve have not used the mirror-type ot extensometer as described by the 
s in this paper. Apparently we are fortunate in our work in that the 
which we test has a low modulus so that we can get very satisfactory 
without such precise apparatus. We now have on order, however, such 
ratus. 
Ve have found it very necessary when using extension bars reaching into 


furnace, to compensate for temperature variations as much as possible, 


partly by having all the bars the same length. An appreciable difference in 


ngth of the bars used is shown by, the authors. 

\s | was unable to secure a preprint of the paper, I don’t know whether 
r not some other points that occurred to me have been covered therein. | 

d be interested to know what variations of temperature were encountered 
n the furnaces which they used, about how closely they think the tempera- 
es were controlled and about how closely the mechanical property values 

ndividual test bar check with similar values of other specimens at the 

emperature, 

We have obtained very satisfactory modulus values for our different 
oys together with the other mechanical properties indicated by the authors, 
so far Our program has not included the so-called long time temperature 
although it is our intention to include such tests at some future date. 
it. J. FRENcH: Unfortunately, I did not know that there was a preprint 


of s paper until I came into the room and therefore I have not had time 


study the deseribed results in detail, but to those of us who have followed, 
imber of years, the testing of metals at high temperatures, this contri- 
of Messrs. MeVetty and Mochel seems to be of very great value and 
[ would like to refer for just one moment to the question of long- 
so-called ‘‘creep’’ tests, and perhaps carry the conception given by 
Vetty a little bit further, in that I want to show you the relation be- 
‘ereep’’ and temperature. 
we make ‘‘creep’’ tests and plot the creep as the ordinate and the time 
pheation of the load as abscissa, we find at ordinary temperatures that 
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if the load is sufficiently high the specimen elongates for a measura| 









of time. This elongation is followed by what appears to be, with 
measuring devices, cessation of flow as shown by curves A and B, Fio 
the load is somewhat lower a similar curve is obtained, but the ces 
flow oceurs at a lower total elongation as in curve C, Fig. 1. With s 
loads this ‘‘initial ereep’’ becomes smaller until the load approxi: 
proportional limit of ordinary tension tests when the creep is practi: 


or at least very small. Fig. 1 
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The fact that the initial creep ceases for all practical purposes afte! 
measurable time of application of a large load may be ascribed to ‘‘st 


hardening’’ of the steel. If, now, instead of making ‘‘ecreep’’ tests at ordi 
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res, we Carry out similar experiments at fairly high temperatures, 
‘le, at 1100 degrees Fahr., we get a different set of curves. We find 
id of this appreciable strain hardening effect, when we apply a high 
specimen of ordinary low carbon steel will stretch continuously and 
reak as shown by eurve D, Fig. 1. If the applied load is somewhat 
find that we may get a curve like E, Fig. 1, if still lower, a curve 
nd finally, a curve in which the rate of ‘‘creep’’ is very small, as in G. 
e study such a set of curves, as are shown in Fig. 1 for low carbon 


various temperatures, a composite diagram can be prepared which gives 
e 
VALC sleel 


ety 
| % © determined from sustained looding fests 
. . * short-time tension tests 





Stress - 1000 \b. per sq. inch 











li od 
—! proportional limit and max. stress 










for long life without appreciable 


Temperature - deg. F 











Fig. 2—Comparison of Results Obtained in Flow Tests and the 
Customary Short-time Tension Tests at Various Temperatures for a 
24 per cent Carbon Steel. 




















: ible useful information. One such diagram is shown in Fig. 2, and 
note that in this is shown the effect of temperature on the tensile 
yth and proportional limit of the customary short time tests as well as the 
mitting long life both with and without appreciable deformation. 1 
go deeply into the various features but want to point out that the 
il limit of the short time tension test approximates the maximum 
itting long life with freedom from appreciable deformation at 










ung temperatures. This has recently been confirmed with other 

‘ote also that at only moderately high temperatures the steel will 
higher loads for long periods on account of ‘‘strain hardening’’ 
first deform, 

rather interesting to note that from our own tests we find that the 

strain hardening in ordinary boiler steel is somewhere in the neigh- 
S00 or 850 degrees Fahr.; that for the high chromium ‘‘ stain resist 

s at somewhat higher temperatures, and we have tested one or two 
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ferrous alloys in which the range of strain hardening is extende 
ciably higher temperatures. 

There is one point I would like to mention at this time, altho 
believe it is of practical importance; nevertheless, it is, at least, of 
interest. Mr. MeVetty has mentioned the importance of the 
sensitivity of test equipment as affecting the observed values of 


ing ability’’ and proportional limits which may be secured in any 


not conceivable that when we are above the strain hardening temperat 


of any particular steel, that if we used some sufficiently sensitive 
device, we would find that we only had a zero rate of creep wh 


was at or very close to zero? As ] say, that is not of practical 


at the moment, but it is of theoretical interest; whether **ereep’’ 


millionths of an inch per month or a few hundred thousandths of 
month, the steel has a useful load carrying ability. The value of tl 
load is, as has previously been pointed out by Mr. MeVetty and ot! 
a function of the amount of deformation that vou can stand in yor 

The described conception of ‘‘ecreep’’ and its relation to t] 


tensile test at corresponding temperatures is a subject which is of 


practical interest. Perhaps some of you are already aware of the fa 


American Society for Testing Materials and the American 
Mechanical Engineers, about a year and a half or two years ag 


special Joint Research Committee to take up the question of th 
testing and application of metals at high temperatures, and tl! 
program of tests there are included a variety of metals whieh will 
under both long-time and short-time tests. Long-time tests ar 

expensive to carry out, and, from an inspection standpoint, if fro 
it would seem highly desirable to secure information from some 


which, if it does not give quantitative data, will at least give a 


indication of what the load carrying ability of materials is at difl 


peratures, 

Mr. MeVetty and his co-workers are to be congratulated upon 
excellent work as recorded in their paper. 

AuTHORS’ CLOSURE—P. G. McVetrry: Mr. Jasper has bro 


very interesting point in connection with the meaning of the tern 


of elasticitv’’ at elevated temperatures. It is commonly consid 


property determined by the slope of the straight portion of the 
eurve in the tensile test. This method was used in obtaining tl 


reported, the average rate of loading being approximately 1500 


square inch per minute. We try to maintain this rate in all of o 


that they will be comparable one with another. Following Mr: 


suggestion that the modulus of elasticity of a material is a variabl 
upon the rate of stress application, it is evident that various \ 
be used, depending upon the type of service. On th’'s basis, the 
given will be somewhat low for use in vibration formulae and a1 


on the safe side. On the same basis they will be high for use in 


the deformation to be expected from a certain stress applied slowly 01 








over a long period of time. For this reason, we use the long-time tens 
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peratures to determine the deformation resulting from 





sustained 





ling under working conditions of stress and temperature. Our 





indieates that extreme care must be used 





n substituting values of 





elasticity in design formulee involving stress-strain relations at 










atures. 











nee to the 





modulus curve for normalized five per cent nickel stee 





hat it is abnormal, but we have been unable to diseover anv erro) 





st data. Our dupheate tests check closely as shown in results pre 


ported (2) and it is significant that similai 





results have been re 


Welter (20). An account of the sensitivity of strain measurement 






rht changes in temperature, it is quite possible that this abnormal] 







may be due to slight temperature changes during the progress of 






thors are familiar with the various papers published by Prof. F 





it was their intention to refer only to such papers as appeared 





the subject matter. The references given are 





not intended to rep 






selected bibliography. 


Yr TO Mr. Graham’s q lestion, 1 would say that most steels show un 
mate strength in the so-called ‘‘blue heat range’’ at about 525 






Fahr. (275 degrees Cent.) than they do at normal temperature. This 


n Kig. 6, whieh indicates that stainless iron 





(materials F and G) 
exception to the general rule. It appears also from Fig. 8 that the 





strength of ordinary earbon steels at this 





temperature is accom 


a decrease in duetility but we have no evidence that the decrease 


of monel metal above 750 degrees Fahr. 


(400 ce orees ( ent. ) is 








ed by an increase in ultimate strength. To settle this point, addi 





sts have been made at 840 and 930 degrees Fahr. (450 and 500 







g Cent.) without cutting grooves for the extensometer at the ends of 


eneth. The results of these tests have been included in Mg. 


+ 





and 






fractures obtained are shown in Fig. 18. 


=* 





These tests prove that 





strength of monel metal does not increase with the decreasing 








ve 750 degrees Kahr. (400 degrees Cent.). The character of the 
shows also the importance of avoiding tool marks or other surface 
ons when using monel metal in this temperature range. 

1d 


ld be interesting to study physical properties of materials at 





mperatures as suggested by Mr. Graham but we are at present 


rested in the application of materials to service conditions 


} 


and 
de up to date are well below the transformation points of the 










: 1 
materials, 


ference to Mr. Templin’s objection to the use of a test piece with 






ends, [ can only say that we have not encountered the difficulty 
ns. In my experience a break at one end of the gage 


=* 







ge length is 
rare and most of our tests break within the middle third of the 


pag sth. This difficulty seems to depend upon the properties of the 





material tested, and it appears that we have been fortunate in 
s tests of materials of this character. 












ence to our method of measuring temperature, I agree that it may 
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not be entirely satisfactory. Objections may be raised to any of th 
which have been proposed and we are still working on this problen 
we find a better method, it seems best to continue with the one we 
for over three years, so that our results will be comparable. Our the: 
bead is made small so that the point of separation of the two metals 
the hot junction is kept as close as possible to the surface of the test 
The couple is held in position at the center of the gage length by m 
spring. 

All of our furnaces are calibrated using a standard test spec: 
thermocouples bedded in radial holes 1/16 inch deep at the top, cer 
bottom of the gage length. This test specimen is assembled in tl 
machine and a fourth thermocouple located according to our regular | 
The furnace is heated and the temperature maintained constant fo: 
five hours to ensure temperature equilibrium. The following readi 
one calibration are representative: 


Couples bedded in test specimen: 


Top wy on eh dela Barat wean ere oe 
RE <6 60d Tee dene ee ie reaadtaus 430 °C 
sottom ps 6 seer eic isa 9 Wah am Orns 
SEE dic.a sin-a'a. s SK 4 eed eben ea ME 424.7°C 
Couple in contact with test specimen: 
RN ean y. Sita tO awe ee eee ace Gaines 425°C 


These data indicate a close agreement between our method and thi 
of three couples bedded in holes in the test specimen at the top, « 
bottom of the gage length. 

The total variation over the gage length is about 10 degrees ‘ 
degrees Fahr.). This variation is somewhat greater in the tests at 5() 
Cent. (930 degrees Fahr.) and less in the tests at lower temperatures 
ing to about + 1.25 per cent of the desired temperature. 

Our type of extensometer would require temperature compensati 
temperature changes occurred during the test. It is to avoid this diffi 
we use at least five hours in heating the test specimen prior to tl 
ensure temperature equilibrium. 

We do not use a temperature control in our short-time tests | 
the furnace current to hold the desired temperature. A varia! 
transformer enables us to vary the furnace current in equal steps 0! 
imately 0.05 amperes. The line voltage is closely controlled by an 
regulator. If our readings show a temperature change below the yield 
is necessary to discard the values of proportional limit and modulus 
city for that particular test. 

In our long-time tests, the maximum variation in temperature 0! 
specimen is usually within 5 degrees Cent. (9 degrees Fahr.) at 4 
Cent. (750 degrees Fahr.). Readings of length must be averaged 


entire temperature cycle and these averages lie within one degree Cen! 


grees Fahr.) of the curve through the points. (6). 
In reference to variation among test bars and how closely an) 


(Continued on Page 169) 
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TOOL STEEL FAILURES—THEIR CAUSES AND CURES 


By FRANK B. LOUNSBERRY 





Abstract 


The author of this paper sets forth the varius 
ings which assist a tool maker in the selection of tool 
eels and in the attainment of the greatest possible serv 
e from the manufactured tools. The statements con 
ined in this paper are based on data obtained in the 
vestigation of from 400 to 500 complaints per year, 
I ¢ nding over @ pe riod of years. 








These investigations 
rw that 55 per cent of the complaints are due to faults 
t the mill and of these about one-half are due to faulty 
spection. The author is of the opinion that greater 
ive should be given to inspection and that closer control 
he melting operations will eliminate much of the 
ouble. He is also of the opinion that physical and 
emical specifications are of inestimable value when 
rchasing tool steels and that about 60 per cent of the 
rger users are buying steel according to their spec ifi- 
tions and upon acceptance assuming all further re 
nsibility. Better control of the melting operations 
result in better steel and the electric furnace 
Juable aid in this respect. 












1s ad 








Accurate temperature control 1s imperative. <A fine 
jace, an accurate pyrometer and an intelligent opera 
are the principal factors in producing good tool steel. 

Cooperation between the manufacturer and the tool 
naker results in mutual benefit. These are some of the 
ings which, mn the author’s opinion, will result in 
iminating tool steel failures. 

















| ‘HE practical side of metallurgy which deals with its man- 
ifacture and its subsequent use is one that always can be 
sed to advantage, the results of which ean be checked up 
onfirmed at any time by experimentation and experience 
this connection that we desire to bring to attention cer- 
ngs which may enable us to better select tool steels and 
selection obtain more satisfactory results from them. Des- 
provements in equipment and advances which have been 
n heat treatment of all steels, it is rarely the case that tool 
rs obtain the maximum service possible from the steels 
rchase. 


er presented before the Philadelphia Chapter of the Society. The 


rank B. Lounsberry, is vice-president of the Atlas Steel Corporation, 
¥ 
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During the course of a year’s regular laboratory rou 
the mill with which the author is associated there are norma!|!y 4 
to 500 complaints to handle. These complaints are all re 
earefully analyzed and classified. This accumulation after ma; 
years gives a fairly accurate estimate of not only mill fau 
also those most frequently encountered by the user. \\ 
long made it a practice that when a complaint is made by a e 
to immediately investigate the matter regardless of whet 
If the com 
made to the mill we either send someone directly, or refer 


complaint comes from a large or small user. 
to the district in which it originated, for attention. Frequent], 
prompt action the district salesman or manager can correct the 
culty immediately and no further attention by the mill is requi: 
More often, however, in order to arrive at a clear and definite w 
derstanding of what the difficulty is, the salesman secures sa 

of the product complained of and sends it to the mill with 
plete data for a laboratory report. These are the type of « 
plaints with which this paper deals. 

The complaint as received is given a number and goes to 
laboratory for complete physical and chemical examination 
involves chemical analysis, hardness tests, fracture tests, 
vraphic and macrographie examination, as well as specific tests 
depending upon the nature of the case. A complete report is | 
pared and submitted for consideration. Inasmuch as mos‘ 
plaints are apt to involve adjustment of some sort it is necessai 
first to impartially decide whether or not the complaint is jusi 
fied, and whether the difficulty is due to the mill or to the custon 
er’s handling. This decision is sometimes in error, but always 
it is honest and based on our experience and the facts which tl 
laboratory is able to establish. To do otherwise would be a slor' 
sighted policy and an utter waste of time and effort. For onl 
insofar as we are able to intelligently interpret the facts and | 
correct or improve the conditions found can we hope to improv 
our situation, or that of the customer. This forms the basis {0 
the first general classification—MILL’S FAULT—CUSTOMER’S FAUL! 

We now come to the more specific matter and one wii 
will be of greater interest. What has preceeded is more by wa) 
of introductory and to give an idea as to how our data is arrived 


at. Over a period of years we find that of all the complaints ™ 
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rded for whatsoever reason; in (55%) of the cases the mill is 
iit: and in (382%) of the cases the cause lies with the user. 
Che balanee, or (13%) are special. This is not the answer that 
some of you expected, and undoubtedly is quite a shock to steel 
but you at least will credit us with being honest even though 
t seems to show the mill up to a disadvantage. 
in order not to create a wrong impression as to the amounts 
steel involved may we say that the total weight complained of 
per year is Only about 100,000 to 120,000 pounds having a value 
of $20,000.00 to $25,000.00, of which the majority is recovered 
salvaged in one way or another. 

Since in the greater number of cases the steel mill is at fault 
ve will analyze these first. Of the (55%) listed as MILL’S FAULT, 
24%) falls in the class headed by inspectors errors, such as size 
ind shape, pipe, seams, laps, bark or decarburization, pits, marks 
ind other surface defects. (1714%) under internal conditions 
such as internal seams, secondary pipe, slag or oxide inclusions, 
segregation of all kinds and microstructure. (8%) under an- 
nealing or heat treatment—this includes wrong hardness due to 
annealing resulting in poor machineability, or hardening losses 
lue to poor annealing, also improper heat treatment on the part of 


Tt) 


he mill. (5%) due to wrong analysis or grade 





this ineludes 
cases where the wrong grade has been applied on our part, or 
through an error in manufacturing a wrong analysis has been 
shipped, such as carbon for high speed, or oil hardening for water 
hardening. The (18%) which is listed as ‘‘special’’ include eases 
of wrong size or grade ordered, due to clerical errors, ete. and 
ases where responsibility cannot be definitely determined and 
fixed. 

Of the (32%) listed as CUSTOMER’S FAULT, the majority fall 
inder the heading of heat treatment, amounting to (2214%). 

is wrong application or analysis for the use 


/ 
» if 


intended. 
~'o%) due to forging or machining strains. (1%) due to faulty 


design or mechanical trouble. (1%) due to improper grinding, 
resulting in eracks and the balance to unclassified reasons too 


isolated 


| to warrant grouping. 

rom the foregoing it is quite evident that what is required 

most, from the steel makers standpoint, is greater care in inspec- 
closer control in his melting operations. Despite the fact 
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that approximately one quarter of all employees in a t 
plant are engaged in some sort of inspection or contro 
still (25%) of all tool steel failures are due to the thir 
miss. As stated above most defects of this kind, pipes 
burization, seams, etc. are quite evident and should ly 
caught. 

















Many large consumers now have definite speci! 











covering such items as size tolerance, seam depth, depth 
earburization, pits and other surface defects. 
written these specifications are a great help to the steel n 
turer and eliminate 75% of the possibilities of rejecti 
these causes. 


























We cannot too strongly recommend the \ 
chemical and physical ‘specifications when the amount 
purchased warrants, and the consumer has laboratory 
for checking and seeing that his specifications are being m 























Where ten years ago there were practically no speci 








sumers buy according to their own specification and ac 
responsibility for the steel once it has passed their inspect 
approval. 














General specifications to cover all uses are not 








and in order to obtain best results for any particular requi: 








let him assist in the proper drafting of the requirements. 
There is still much to be accomplished by the steel n 

















lem of proper heat control from the melting house down 
It is o1 
the product arrives at the annealing department that the: 
real and accurate temperature control. 





the hammer and mill departments is ever present. 








A eertain amount 











partments, including permanent pyrometer installations 
finishing mill furnaces. 








Nevertheless there are so many ot 





tors entering into the heating problem that results are | 
show considerable variation. 








As an example- 
to 100 degrees in the finishing temperature on high sp 








is sufficient to throw some bars out of size tolerance and 








result in seams or eracks if too cold, and burned or erack 
if too hot. 
overtime in an oxidizing furnace atmosphere will cause 
bark and seale, resulting in defective material. 





Again on small sizes a soaking from 15 to 20 











When intel! 


covering the purchase of tool steels, today 60% of the lar 


the buyer should consult freely with the steel manufactu 


his methods of inspection and his control of operations. ‘T! 


perature control is maintained in all of the above mentio: 


-the variatio! 











re 1 
xing 
ivolve 
of tl 
lefects 


su quent 


d to 

cont 

mal sta 
Regare 

r, the 

heat treatt 
pre ched a 
maker 
machining 
nored: as 
this Taetor 


may be sur 


NAPID 
nori 
irdening, 


ints, enl 











TOOL STEEL FAILURES 105 








second large consideration from the steel maker’s standpoint 


control in the melting operations. It is a common saying 













steel mill that when trouble shows up anywhere it usually 
ed back to the melting house. This of course is not 
y true, but is true to an extent that if every ingot turned 
re 100 per cent perfect, the majority of the steel makers 
xing problems would be removed. The subject is so large 
involved that it will be impossible to go into it in detail, but 
of the illustrations which accompany this paper show cer 
efects which are directly the result of improper melting and 
juent operations. The electric melting furnace has been a 
| to the tool steel manufacturer in helping him to obtain 
control over his operations, both from a chemical and a 
ial standpoint. 
Regarding tool makers troubles, or as we term it CUSTOMER’s 
the greatest variable is that of heat treatment. Improper 
treatment,—how often we hear about it, how much it is 
hed against, yet it accounts for (70%) of all troubles the 
naker has in his own shop. The failures due to faulty design, 



















machining difficulties, wrong application, etc. can almost be ig- 
nored; as ean also grinding and its subsequent losses. Under 


‘actor of heat treatment, perhaps the main causes of trouble 
e summarized as due to four principal errors: 






Rapid heating 
2. Over heating 
3. Furnace atmosphere conditions 
1. Improper tempering. 
kapip HEATING—This practice usually results in non-uniform 
normal strains resulting in cracks, deformation and uneven 
ning. OVERHEATING—Usually results in burned edges and 
enlarged grain size with resultant brittleness and crack- 
nd abnormal changes in size and shape. Lack of control 
RNACE ATMOSPHERIC CONDITIONS—usuallv results in decar- 
tion and soft tools; blistered, burned and sealy surfaces re- 
in loss of size and shape. IMPROPER TEMPERING—This 
specially in high speed steel, accounts for more failures than 
the others. Insufficient and improper tempering results 
‘king, brittleness, poor cutting ability, deformation and 
tly for many other troubles. One expression which may 
heat treatment difficulties is ‘‘lack of control.’’ 


17 . 
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Fig. 1—High Speed Steel Properly Annealed— Showing a Uniform Carbide D 
Brinell Hardness of 212-228. Fig 2—High Speed Steel Properly Hardened at 235: 
Fahr. in Oil—not Tempered. This Shows the Typical Polyhedral Structure of Auste! 
Well-defined Boundaries and Uniformly Distributed Carbides. Rockwell Hardne: 
62-64 ©. Fig. 3—High Speed Steel Properly Hardened and Tempered at 2350 degr 
Oil—1100 degrees Fahr. for 2 Hours. This Shows Practically Complete Conve 
\ustenite to Martensite, Complete Disappearance of Grain Boundaries and a State of M 
Hardness and Cutting Ability. Hardness about 64-65 C. Fig. 4—High Speed St 
heating—Carbides not in Sclution and Austenite Incompletely Formed—Such a Stru: 
Show as Quenched Approximately Rockwell 58-60 C Hardness—but will not Stan 
Temper or Show Good Cutting Efficiency, 





| 


eke tistn 


derably Overheated and Soaking too Long at 
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High Speed Steel—Example of Mild Overheating and Insufficient Temper. Austen 
Martensitic Needles. Taken from an End-Mill which Failed by Breaking Out. 
Structure is Very Brittle and Liable to Grinding Cracks. Fig. 6—High Speed 

Temperature with Little or no 

Taken from a Cut-Off Tool that Failed in Service After a Short Time. Not 

of Austenite and Few Remaining Undissolved Carbides. 
of Structure—Treatment Approximately 2400 
Temper, 


This Represents a 
degrees Fahr.—Oil and 500 
Fig. 7—High Speed Steel—Badly Overheated in Hardening—Slight 
500 x. Note Absence of Carbides. Dark Areas Indicate where Fusion has 
ke Place. Extremely Brittle. Taken from the Point of a Twist Drill that 

Fig. 8—High Speed Steel—Example of Insufficient Tempering—Taken from 
hat Broke in Service, Similar to | 2 
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Fig. 9—High Speed Steel—Carbide Segregation in Annealed Bar. 509 


X. 5 

Approximately) x 1”. This is the Result of a Large Cellular Structure in the ‘ 
which has not been Entirely Broken up by Subsequent Working. Always Dangerous 
Hardening Cracks, Crumbling of Cutting Edges and Brittle Areas in General \ 
Carbide Segregation is Dependent Upon Amount of Work Put Upon Ingot and 

Directly Proportional to Bar Size. Fig. 10—High Speed Steel—Carbide Segregatior 

Made from 1% Inch Round Bar. Shows Retained Austenite Surrounding Carbide §$ 
Area. Remainder of Structure Satisfactorv. 500 x. Fig. 11—Fractures Represi 
Fig. 6 Small Fracture from Failed File Cutter—Veryv Brittle. Large Fracture { 
Tool that Broke in Service. Both of These Fractures Show What is Ordinarily 
Flaky Hardened Fracture. Usually Due to One of Two Causes. Repeated Hardeni! 
Adequate Annealing Between, or Excessive Soaking at Hardening Heat. Both Re 


Enlarged Grain Structure (Fig. 6) and a Very Brittle Condition 


>” 
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Annealed Structure of 1.00 per cent Carbon Steel Showing Completely Spheroidized 
500 x. Brinell about 160-170. Fig. 13—Poorly Annealed 1.20 per cent Carbon 
ng Lamellar Pearlite and Traces of Grain Boundary Cementite. 500 x.  Brinell 
y 228. Fig. 14—Poorly Annealed Oil-hardening Non-deforming Steel Showing 
lite and Carbide Segregation. 500 x. Fig. 15-——-Structure Shown by Fig. 20— 
rdening Non-deforming Steel. 100 x. Showing Large Martensitic Needles. 
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Fig. 16—Properly Hardened Structure Shown by Oil-hardening Non-deforming Si 
Hardened 1400 degrees Fahr. Tempered 375 degrees Fahr. Fig. 17—Properly H 
Structure of Carbon Steel. 500 x. Approximately 1.00 per cent Carbon. Fig. 18-——N 
Carbon Steel—100 x. Photomicrograph of Case of 0.85 per cent Carbon Steel ¢ 
hours at 1800 degrees Fahr. Ehn Test Fig. 19—Abnormal Carbon Steel, 100x. PI 
graph of Case of 0.85 per cent Carbon Steel Carburized 3 Hours—1800 degrees | 
Test. Fig. 20—Fracture of Die of Oil-hardening Non-deforming Steel which Broke 
Showed Overheated Condition. 





ins 


In closing may we point out that this paper has covered 
some detail, the principal causes of tool steel failures, also s 


suggested cures for individual types of failure emphasizing t\ 
factors which will tend to eliminate most difficulties; namely 


l. Greater Control 
a Co-operation. 
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mium-molybdenum Bearing Steel, not Annealed 
Ferrite Segregation. g. 22—Ferrits 
500 x Phetomicrograph of One oft 
Surrounded by Ferrite. Taken tron 
Steel which did not meet Physical 
Bearing Steel YOO X 


Banded Structure Shown by Chri 
Round. Approximately 50 x. Bands ar 
Chromium-molybdenum Bearing Steel. 

n Fig. 21 Fig. 23—-Slag Inclusions 
from Forging of Chromium-molvbdenum 
Fig. 24—Oxide Inclusions in Hardened Chromium 
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Fig. 25—Decarburization Shown by Approximately 1.00 per cent Carbon Steel 
Condition. Total Depth Approximately 6.030 Inch. Ferrite Zone Approximately 
125 x. Fig. 26—Decartmrization Shown on Small High Speed Drill, as Result 
Furnace Conditions in Hardening. 500 x. Fig. 27—Deep-Etch Test on Cross Section 
Square Chromium-molybdenum Steel Showing Uniform Condition. Etching Time Ap 
% Hour in 1:1 Hot Hydrochloric Acid. Fig. 28—Deep-Etch Test on Similar Sectior 
Showing Nonuniform Condition Largely the Result of Ferrite Segregation. 
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29—Step-down Test on Chromium-vanadium Bar Stock 
High Speed Milling Cutter Showing Grinding Cracks 


Showing Internal Seanis 
| Steel Showing Cracks which were the 


KF Y 81 Shear Blade of High 
Result of Grinding 

Under the first—GREATER CONTROL—We should, however, ob 
tain the very best and most modern equipment available com 
mensurate with our means and then see to it that it is properl) 


used, remembering that a fine furnace and an accurate pyromete 
alone does not necessarily turn out perfect tools. 


They must al 
ways be intelligently used to aid the operator who after all is the 
one held responsible for the results. So often no expense is too 
vreat for proper engineering and machine operations but any 
old kind of a set up is good enough for the hardening room. This 
is not as prevalent today as it was five or ten years ago—thanks 
the American Society for Steel Treating and its educational 
am—but it still exists in many plants, and the heat treaters 

h plants should insist on proper equipment to insure ac- 

work. 


further suggestion under this heading, it should be the 
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endeavor to keep accurate records of the heat treatments 
and to work out a standardized schedule for time and te: 





ture covering each type and size of tool. The performa 
tools should be followed up in order to learn when best resul 





obtained and especially failures should be run down for th 





pose of learning definitely their cause so that in the futur 





can be corrected. Work out specifications covering the s 





tvpes of tool steels necessary for requirements and heat treatment 





should be worked out wherever possible. 





Regarding the second general heading CO-oPERATION— \| 





suggest greater co-operation between the tool maker and tf! 








steel manufacturer. Submit your problems to him and | 








him freely and frequently. It has been the writer’s exper 





that many apparently impossible things have been correcte: 





improved by working closely together with a customer and 








with a mutual benefit. In the matter of correct application 











tool steel maker can be of utmost assistance to the user, but firs 








he must be given all the facts and details. Getting a proposit 





started off right is 50 per cent of the accomplishment. 








Under this same heading may we suggest a greater co- 





tion in the tool maker’s plant itself, that is between the pure! 





ing department, the machine department and the heat treati 





department. Too often there is lack of co-ordination in these | 





departments, with the heat treating end most frequently sufferi 











It is not fair to ask the hardener to turn out uniformly good 





when he is furnished with an inferior grade for the purpos 





as is sometimes the case five or six kinds of steel for the sam 





Again in designing tools the hardener should be consulted as 








details which affect heat treatment and the type of steel to be used 





On the other hand the hardener should prepare himself to answ: 





these important questions and maintain at all times an open min 





toward suggestions and new information, 
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Educational Section 
ese Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


THE CONSTITUTION OF STEEL AND CAST IRON 
PART VI 


Pe Bs 





SISCO 


d | bst rac 






The prese nt installment, the sirth of the series, dis 
isses the effect of the various elements, other than 
arbon, added to or present as impurities in the norma! 
irrbon steels. These elements found in practically ali 
arbon steels are manganese, silicon, sulphur and phos 
horus. In addition to these elements most steels con- 
aque traces and occasionally appreciabl amounts oO] for- 
ign matter such as slag and other nonmetallic inclu- 
sions, and gas. The effect of the common elements and 
he more promiment wmpurities on the structure and 
yhhusieal prope rties of the carbon steels are discussed. 










ur discussion of the constitution of steel in the previous in- 


stallments we have looked upon it as an alloy of iron and ear: 








on. It is true that carbon is the most important element in 
rdinary steel, and gives to it its remarkable variation of proper 
ties. By controlling the physical condition of the carbon (and its 
pound, iron-carbide) we are able to make our steel so soft 
nd ductile that we can draw it out cold into a wire no larger than 
On the other hand, we can make it so hard and brittle 







will serateh glass and will shatter like glass if struck 1 
vht blow with a hammer. 






We know so well how to eontrol the condition of the carbon 
[ our steels were pure iron-carbon alloys many of our 
ihles would be over. It happens, however, that in our iron 






tain undesirable elements, notably sulphur and phosphorus, 
resent. Even with all of our skill we are not able to get 
these entirely and they appear in varying smal! amounts 


thor, F. T. Siseo, is Chief of the Metallurgical Laboratories, Air 
Department, MeCook Field, Dayton, Ohio 
115 








116 






























































it is 



































ence 













































































































3.0 per 





cannot 






necessary 


‘Some 


cent 


steels to 


in our finished product. 


this element 


which silicon 


vas from high grade steels. 


TRANSACTIONS OF THE 


We have found by experience thai 


cal way to make steel is to refine it when it is molten. 


certain elements such 


purities either wholly or in part. 


excess of the purifying element. 


SILICON 


to as much as 0.30 to 0.40 per cent". 





a: 8..8. Zz. 








two elements always present in our steels are harmful, 
quently as we cannot eliminate them entirely we must stud\ 
habits so we will be able to anticipate any possible ill 
coming from them. 


Kxperience has taught us that the only practical and ec 


Molte: 


liquid and solid impurities and relatively large volumes . 
both would be harmful if retained in the finished metal. 
to add 


as Manganes: 


will dissolve or hold in suspension relatively large amount 


silicon, which serve as scavengers and remove these harmfu! 


To do this we must add 


Xa 


} 
LiItNs 


Nf 


? 


Consequently, in our discussio 


of the constitution of steel, we must take into account tlh: 
of 


amounts, in practically all carbon steels. 
It is unfortunate, but true, that ofttimes minute amounts | 


manganese and silicon which we will find, in vy; 


pres 


impurities will exercise a marked effect on the structure and hene 
on the properties of the metal. 


For example, steel containing 


conditions resulting from a study of the properties of steels 
taining varying amounts of impurities. 


It is rarely used in steels made | 


idded 


always in the basie electric and erucible processes. 


as 


Bessemer process, occasionally in the basic open-hearth and : 


In th 


open-hearth and aeid electric, silicon enters in the normal 
tions of the process and so it is often not necessary to add i 


an alloying element contains betweer 


Silicon is used princi| 
as a degasifying agent and is added to remove the final traces « 


} 


\ 


only 0.150 per eent sulphur may be so brittle when hot that 
be rolled. 

We are sometimes able to identify and study the impurities 
in steel by means of the microscope, but not for all how 


Vel 


In some eases we must form our conclusions from observations | 


(*( 


A large amount of wor 
has been done on impurities in steel and we now feel fairly sure o! 
ourselves in understanding their behavior. 





Silicon is found in all steels, in amounts varying from a tra 
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vrade steels silicon is usually present in amount ranging 
0.10 to 0.40 per cent. 
(he principal reaction between silicon and gas may be ex- 
d as 
Si + 2CO — 2C + Si0, 
(he silicon in excess of the amount necessary to react with the 
n monoxide gas reacts with the iron to form iron silicide, 
Si, This compound is soluble in iron, both when molten and 
s consequently silicon exists in steel as a solid solution of iron 
de in iron. If we ealeulate the formula weights of iron 
silicide we will find that one part of silicon forms three parts of 
rol silicide’®. 







In our discussion of solid solutions we have noted that when 
sinall amount of an element or compound dissolves in another 


ent to form a solid solution, the metallographic structure is 
isually unaffected. This is the ease with silicon. The small 








int of iron silicide dissolved in the iron eannot be detected by 
microscope. 

lt is reasonable to suppose that silicon in the small amount 

isually present would not affect the physical properties greatly, and 

is the case. However, steels containing silicon often hav 

vhat better properties than similar steels which have only a 

present. This is due to the fact that silicon promotes sound- 
ness, rather than to any direct effect of the silicon. 

"he silicon dioxide (SiO,) formed by the reaction noted 

is classed as a nonmetallic impurity. Theoretically none of 

s remains in the steel. When it does it is usually in combina. 









vith manganese oxide or iron oxide and is then known as a 
silicate inelusion. This will be discussed later. 










PHOSPHORUS 
osphorus is present in all iron ores. As it cannot be wholly 
liminated by refining processes it is present in commercial steels 
ints ranging from 0.010 to 0.100 per cent. In carbon steels 






vy the basie open-hearth process the amount will be less than 
+0 per cent; i high grade basic electric steels it is usually below 
er cent and often below 0.020 per cent. 









vestigators give the composition of the silicide as FeSi 





veight of Fe — 56: Si — 28: Then FeSi s4 
oe toes te 23 
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Phosphorus combines readily with iron to form the d 
chemical compound iron phosphide, Fe,P, which in small am 


ints 
less than 0.100 per cent phosphorus) is soluble in iron. [ley 
phosphorus as iron phosphide is in solid solution in the iro 
simple calculation will show that one part of phosphorus will for, 


six parts of iron phosphide”. 

The small amounts of phosphorus present in ordinary car! 
steel, being in solid solution in the iron cannot, ordinarily, be 
tected by the microscope. 

?hosphorus is known to segregate when steel erystallizes fron 
its melt. It apparently tends to collect in those portions of the 
large dendritic erystals last to solidify. The researches of Stead 
have shown phosphorus that expels the carbon from the areas in 
to which the former has segregated. Thus phosphorus-rich area: 
are usually low in carbon. When steel containing segregated 
phosphorus is rolled the phosphoric areas of ferrite from which 
the carbon has been expelled tends to elongate into well defined 
hands such as are shown in Fig, 34. 

When steels contain a relatively large amount of phosphorus 
(0.060 per cent and above) there will be banding present mor 
often than not. On the other hand many steels contain a banded 
structure in which phosphorus is not segregated. Such a steel is 
shown in Fig. 35 in which the phosphorus is only 0.017 per cent 

Contrary to the action of carbon, phosphorus diffuses wit! 
difficulty. Consequently if a steel containing segregated phos 
phorus and a banded structure such as shown in Fig. 34 is heated 
to above the critical range and held for a considerable time thi 
phosphorus will not diffuse appreciably from the ferrite bands in- 
to the pearlite areas. The carbon will diffuse from the pearlite in 
to the phosphorus-rich ferrite, but on cooling through the eritica. 
range will be again expelled and the ferrite bands will persist 1n 
their original form. 

Phosphorus is thought to produce brittleness when the steel 1 
at atmospheric temperature. The steel is then spoken of as cold 
short. This is only noticeable when the phosphorus percentage » 
relatively high (0.100 per cent or above). Phosphorus is believe 
to enlarge the crystalline grains. This tendency has been offere' 
us an explanation of cold shortness. 

Atomic weight of Iron 56; Phosphcrus = 31. Then iron phosphate = 199 


Then 199 :31::x:1 
X = 6.4 or 6 approximately. 
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certain grades of steel phosphorus is desirable. In sheet 
0.100 per cent is necessary to prevent the sheets sticking to 


in rolling. A phosphorus content of 0.065 to 0.100 per cent 
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34—-Photomic: graph Showing a Banded Structurs Due to Segregated Phosphorus in 
Carbon Steel. The Phosphorus Content was 0.121 per cent. Etched in Atcoholi 
Mag. 100 x. Fig. 35—Photomicrograph Showing a Banded Siructure Due to 
egregation in a Medium Carbon Steel Having a Phosphorus Content of 0.017 
Mag 200 x 


s desirable in basic open-hearth steels made into galvanized tele 
zraph and telephone wire. Phosphorus apparently increases the 
lherence of the zinc coating. 
Phosphorus increases the tensile streneth and hardness and 
lecreases the ductility. Campbell states that each 0.01 per cent 
phosphorus increases the tensile strength 1000 pounds pe! 
square inch. 


When phosphorus is not segregated it cannot be detected by 


microscope. When steel contains relatively high phosphorus 

and the structure shows a characteristic banding, phosphorus segre- 

ion is indicated. This may be confirmed by etching the speci 
with Stead’s or Heyn’s reagent.”®. 
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iveur, Metallography and Heat Treatment of Iron and Stes 
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SULPHUR 





Sulphur is always present in carbon steels. The 
varies from 0.010 per cent or a little less to as much as 0.150 , 
cent. Some iron ores contain a little sulphur; most of the : nt 
which is found in steel comes from the fuel used in refin 
metal. Sulphur is removed from steel with great difficulty, mo) 
so than in the ease of phosphorus, consequently in commerei:! ¢:) 
hon steels the average sulphur content is likely to be high: 
the average phosphorus content. 

When steel contains no manganese, sulphur reacts with iro, 
resulting in the definite chemical compound iron sulphide, Kes 
which forms a eutectic with iron. This eutectie which is assum 
to contain about 85 per cent iron sulphide and 15 per cent iro 
melts at a low temperature, about 1750 degrees Fahr. (950 
grees Cent.) according to Sauveur. Iron sulphide melts at abou 
2200 degrees Fahr. (1200 degrees Cent.) or at least 500 cdeerees 
Kahr. below the melting point of the steels. 


{ 
(if 






















The iron sulphide or iron-iron sulphide eutectic, as thi 
may be, tends to collect at the grain boundaries as a networ! 
envelope as shown in Fig. 36 from Sauveur.”® If steel contain 
ing iron sulphide or the iron-iron sulphide eutectic is heated, at 
rolling temperatures (2200 degrees Fahr.) or above the sulphid 


} 
I 


which is located at the grain boundaries melts. When this | 
stituent is molten even a trace is sufficient to destroy the coliesiot 
of the grains and the steel becomes very brittle when hot. Stee! 
containing as little as 0.050 per cent sulphur, if no manganes 
is present will crack or even break into fragments in rolling 
hammering. 


When steel is brittle when hot it is known as red-shori 

At steel-making temperatures manganese has a much greit' 
affinity for sulphur than iron. As soon as manganese is adde 
to the molten bath the following reaction takes place: 


FeS + Mn— Mn8 + Fe 


Krom the above reaction it will be noted that one part of 
phur requires 1.7 parts of manganese to form 2.7 parts of mal: 
ganese sulphide. Theoretically, if steel contains 0.05 per cent sul: 
phur, 0.08 per cent manganese is sufficient to combine wit! 

















"Loc. Cit., page 75 
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rbon steels the manganese is at least 0.35 per cent or fout 
the amount necessary, hence in commercial steels no iron 
ide should be present. 

It has been found by experience that it is necessary to have 


Fig. 36—Photomicrograph of Iron Sulphide in Steel. Unetched. Mag 

x After Sauveur. Fig. 37—Photomicrograph Showing Manganes« 
Sulphide in a Low Carbon Steel. Etched with Alcoholic Nitric Acid 
Mag. 100 x. 


anganese content four to eight times the sulphur content 
ire that the steel will be free from red-shortness. 
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Levy in his researches found that manganese and ir 
phides are readily soluble in each other in the solid sta 
manganese sulphide being capable of holding at least 50 per cen; 
iron sulphide in solid solution. He claims that even though more 
than sufficient manganese is present, the mass action exerted 
by the large volume of iron is so great that some iron sulphide 
will persist. 


Sul 
the 


The exact melting point of manganese sulphide is not known. 
it is probable, however, that it melts at approximately 2560 de 
grees Fahr. (1400 degrees Cent.) or nearly that of the molten bath 

With this high melting point, manganese sulphide should not 
segregate to any great extent. It is known, however, that man 
vanese sulphide does segregate, hence it is probable that in com 
mercial steels containing 0.035 to 0.065 per cent sulphur, unless 
the manganese is high, a little iron sulphide is in solution in the 
manganese sulphide thus lowering the solidification point and 
causing this impurity to segregate.*° 

Manganese sulphide is readily identified by the microscope. 
It appears in castings as round areas, slate gray in color. In 
hot-worked sections the manganese sulphide inclusions are elon 
gated in the direction of rolling. Fig. 37 shows typical man 
ganese sulphide inclusions in a low earbon steel. In this section 
they had been elongated in the direction of rolling. Fig. 38 shows 
the appearance of a large rounded manganese sulphide inclusio 
at high magnification. A small amount of a silicate inclusion wil! 
be noted at the lower edge of the manganese sulphide. [ig 
shows an elongated slag inclusion at high magnification, contai 
ing manganese sulphide together with manganese and iron silicate 

In addition to the characteristic appearance of manganes 
sulphide when viewed by the microscope the presence of sulphu 
in steel may also be detected by sulphur printing.*' 

If but a small amount of sulphur is present in steel and 
of it exists as manganese sulphide, its effect on the physical prop 
erties is slight. Often carbon-free iron (ferrite) will erystall! 
around a manganese sulphide inclusion (see Figs. 34 and 37 

Some writers think that manganese sulphide in steel increases 
the brittleness of the metal under shock. From the investigation 


8On the other hand McCance does not believe that MnS contains FeS in solu s 
Sauveur, loc. cit., page 75. 


S1See Sauveur, loc. cit. page 468. 
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38—Photomicrograph Showing a Manganese Sulphide Slag Inclusion in a Specimen 
4 Small Amount of Silicate Inclusion will be Noted in the Lower Edge of the 
Sulphide. Etched with Alcoholic Picric Acid. Mag. 300 » 
of a large number of failures of steels in aircraft construction 
there is no doubt but that fatigue and impact failures frequently 
start from a colony of manganese sulphide inclusions. 
Low carbon steel which contains about 0.150 per cent sul- 


} 
Ty! 
) 
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ur is used for serew stock and other automatic machine work 
vhere its free cutting properties are desirable. The high sulphur 


ontent increases the machining properties of the steel, the chips 


ome from the tool in small pieces instead of long curls. 


MANGANESE 
In addition to its valuable property of combining with the sul 
phur and putting this element into a relatively harmless state, 
manganese is also an efficient scavenger, reacting with oxides in 
the metal aceording to the typical reaction: 
Mn + FeO — MnO + Fe 


\ relatively large amount of manganese is always added to 
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Fig. 39—Photomicrograph Showing an Elongated Slag Inclusion Containing M 
Sulphide Together with Manganese and Iron Silicate. Etehed with Alcoholic P 
Mag, 300€C x. 


steel to insure that all of the sulphur is in the form of man 
ganese sulphide and to insure that the deoxidizing reactions suc 
as the one above are completed. The excess reacts with 

3Mn + C— Mn,C 


to form manganese carbide, Mn,C, a definite chemical compound 
akin to iron carbide in properties and associated with the latte 
in cementite. It follows then that in commercial steels cement 
is not iron carbide, Fe,C, as we have assumed in our p! 
discussion, but a mixture of iron carbide and manganese ¢a! 
This will make no difference in our methods of ealeulatine 
structural composition of steel. Manganese and iron have pra 
tically the same atomic weight (55 and 56 respectively 
relationship that one part of carbon forms 15 parts of cementiti 
still holds true irrespective of the amount of manganese. 

In the amounts found in ordinary commercial steel 
0.70 per eent) manganese as manganese carbide cannot 


by 
erties. 
by thi 
from 


All ste 
ing either 
metal or p 
slag or th 
of the non 
metal duri 
find their 
elusions al 
for them 
steel as S¢ 
terms, “n 

These 
from the : 
solved or 
is possible 
uct having 
should be 
steel prob 
semer last 

These 
oxide (Fe 
commonly 

FeSiO, 


Manganes 





OF STEEL 125 


| by the microscope and exercises but little effect on the 
erties. The principal effect of manganese is to produce sound 
by the formation of manganese sulphide and by freeing the 
from harmful oxides and gases. 


Sotip NONMETALLIC INCLUSIONS AND GAS 


\ll steel contains a certain amount of foreign matter, result 
‘ng either from the chemical reactions of refining within the 
metal or picked up by contact between the molten metal and the 
slag or the refractories of the furnace or ladle. Practically all 
of the nonmetallic impurities introduced into or which are in the 
metal during refining have such a low specific gravity that they 
find their way to the surface and join the slag. In ease the in- 
clusions are finely divided or in ease there is not sufficient time 
for them to reach the top they will remain entrapped in the 
steel as solid particles of foreign matter known by the various 
terms, ‘‘nonmetallic inclusions, sonims, dirt, slag spots, ete.’’ 

These nonmetallic inclusions are principally reaction products 
from the action of silicon or manganese on ferrous oxide or dis 
solved or occluded gas. No steel is entirely free from them. It 
is possible, however, by using care in melting to produce a prod- 
uct having an almost negligible amount. Well-made crucible steel 
should be almost entirely free from inclusions; high grade electric 
steel probably ranks next in purity, with open-hearth and Bes 
semer last. 

These inclusions may be oxides such as ferrous or manganese 
oxide (FeO or MnO), silica (SiO,) or alumina (A1,O.,) or more 
‘commonly they may consist of silicates of iron and manganese 
FeSi0, or MnSiO,). The silicates are the reaction products of 
manganese oxide or iron oxide and silica; for example: 


FeO + SiO, > FeSiO 


n general the oxides, especially silica or alumina, are exceedingly 
retractory and probably are solid and insoluble in molten steel 
Un the contrary the silicates usually melt at a temperature much 
the solidification point of the steel and so are likely to 


segregate into particles of appreciable size in that metal that is 


] 


+ 
1g 


to solidify, either in the individual crystal or the steel ingot 
sting as a whole. 


\s a result we frequently find silicate inclusions with the 
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Fig. 40—Photomicrograph of a Specimen of Steel Showing Alumina Clusters 
Mag. 500 x. Fig. 41—-Photomicrograph Showing a Siring of Nonmetallic Inclus 
Carbon Steel. Unetched. Mag. 100 x. Fig. 42—Photomicrograph Showing the F‘ 
Spreading of a Crack Caused by Nonmetallic Inclusions. Etched with Alcoholic \ 
Mag. 100 x. 


microscope and are able to identify them as such while ox 
clusions are difficult to locate and identify even though it 
tain that they are present in the steel. 
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When alumina (Al,O,) inclusions are present they can at 

be identified as they have a tendency to collect into clusters 
shown in Fig. 40. This inelusion is not plastic at rolling tem- 


‘ures and so is not elongated by hot working, although it 





43—Photomicrograph Showing Blowholes in a Low Carbon Steel. Etched with 
Nitric Acid Mag. 100 x 


vill be noted in Fig. 40 that there is a slight tendency for the 
alumina particles to become generally stretched out in the direction 
rolling. 
Inclusions of other oxides cannot be identified nor are there 
certain metallographie tests by which oxides can be differ 
S entiated from silicates.*? With the exception of manganese sul- 
pide, the silicates are the most numerous of the inclusions that 
‘an be seen by the microscope. In the unetched section a string 
- nonmetallic inelusions, probably silicates has the appearance 
shown in Fig. 41. When etched the silicates are generally of 
; a different color than the manganese sulphide. Silicates are often 
in conjunction with MnS inclusions as is evident in Figs. 
S and 39. 


Sauveur, Lor Cit., page 82. 
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In Fig. 37 a string of inclusions, probably silicates, is 
just below and slightly to the left of the manganese su! phjq 
stringers. Silicate and other inclusions are frequently a start 
point for failure. Fig. 42 shows the mechanism of crack 

tion in a forging made of dirty chromium-vanadium stee|. 1) 
central crack started in a colony of slag inclusions and would hay, 
spread to the left along the line of inclusions and see 
shown in the center of the micrograph. The lower erack likewis, 
started in a colony of slag inclusions and had spread to the rj 
until it stopped in the sound metal as shown in the lower cente; 
of the micrograph. 

Although microscopic examination does not always serve t 
identify an inclusion conclusively, it usually tells us that incly 
sions are there and that we should be on our guard if there ap 
many of them or if they are badly segregated. 

Very little is known definitely concerning the possible pres 
ence of gaseous impurities in steel unless there is sufficient present 
to cause cavities of appreciable size visible by the microscope 0: 
unaided eye. The gases which are commonly considered to 
present in commercial steels are hydrogen, nitrogen, carbon mon 
oxide and possibly oxygen. Nitrogen forms nitrides which have 
been identified by the microscope. Carbon monoxide which is mor 
soluble in steel when molten than when solid is expelled fron 
solution when the metal solidifies and forms cavities rangine from 
submicroscopic in size to those that are an inch or more in diam 
eter. Fig. 43 shows a blowhole near the edge of a piece of steel, 
with numerous small blowholes around it. It is usually not neces 
sary to make use of the microscope to detect blowholes if this de- 
fect is present. 





Editor’s Note: The next installment will take up the constitution of the | 
cast irons. 
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REVIEWS OF RECENT PATENTS 


Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 


475 Fifth Ave., New York City 
Member of A. S. S. T. 


1.607,086, Alloy Steel and Method of Producing the Same, Harry B. 
Kinnear, of Marion, Ohio, Assignor to The Marion Steam Shovel Company, 
of Marion, Ohio. 

It is the object of this invention to provide steel castings having a high 

strength and high elastic ratio and relatively low shrinkage. The 
osition of the steel is preferably 0.20 to 0.60 per cent earbon; 0.60 to 
per cent manganese; sulphur and phosphorus below 0.05 per cent; silicon 
to 0.60 per cent and copper 0.50 to 5 per cent. Very satisfactory results 

‘btained by using 0.90 per cent of copper. The ingot or casting is 

in the usual way and is then given a normalizing heat to approxi 

y 1550 degrees Fahr. for a sufficient time to insure the heat reaching 

ntire mass, the ingot or casting is then air-cooled, reheated to a tem 

ature between 950 degrees Fahr. and 1025 degrees Fahr. and again air 


d. 


1,608,622, Process for Preventing the Dissolution of Iron and Steel in 
Suphuric Acid and Pickling Baths, John G. Schmidt, of Milwaukee, and 
Henry R. Lee, of South Milwaukee, Wisconsin, Assignors to The Newport 
Company, a corporation of Delaware. 

This patent deseribes a process of preventing sulphuric acid and othe 

ling baths from attacking the surface of the iron or steel plates after 

scale of iron oxide has been removed. It often happens in the pickling 
peration that when the sheets are left in the bath too long, not only is the 
removed, but the acid attacks the metal of the sheet causing a pitted 
rough surface, depreciating the value of the product. The inventors 
liscovered that the use of thio-urea or its substitution products in which 
presents a hydrogen, alphyl or aryl radical has the property of inhibiting 
minimizing the solvent action of the sulphuric acid or pickling bath on 
mand steel, 

1,607,245, Manufacture of Metal Alloys, Emil Duhme, of Berlin-Charlot- 

tenburg, Germany, Assignor to Siemens & Halske, Aktiengesellschaft, of 


Siemensstadt, Berlin, a corporation of Germany. 
r 


is patert describes the method of making alloys, whereby the loss o! 
er melting point constituents of an alloy during the melting opera 


mor 
y 


be materially reduced, particularly where the attempt is made to 
powdered elements in their molecular proportions. To form the 
ording to the invention an amalgam is formed between the pow 
tals, such as, for example, copper and gold, by combining the proper 
tage of each of these metals in powder form with mercury. The mer- 
nen evaporated from the amalgam, leaving a homogeneous but por- 
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ous alloy of the desired constituents which can, however, be remelted 
material loss of any of the constituent parts. For example, for produce; 
an alloy of 40 per cent copper and 60 per cent gold, the melting point of th. 
alloy is about 1615 degrees Fahr. (880 degrees Cent.), the melting poini of the 
copper is about 1985 degrees Fahr. (1084 degrees Cent.) and the go 
1945 degrees Fahr. (1063 degree Cent.) Without the use of the 
amalgam, it was formerly necessary to heat the two mechanicall: 
metals to the melting point of copper, resulting in the loss of copper }» 
oxidation and some loss of the gold, whereas by the present invention, afte; 
the evaporation of the mercury, a homogeneous alloy is obtained w} 
melt around 1560 degrees Fahr. (850 degrees Cent.) with no losses from eva; 
ration or oxidation. 


1,608,683, Mold-Cooling Means, Stanley M. Udale, of Detroit, Mic 
Assignor to Earl Holley, of Detroit, Michigan. 

This patent describes a means for promoting uniform cooling in 
various sections of a metal mold, such as D, which comprises coating thos 




























y Vases 


gas 


portions of the outside of the mold which normally cool first with an insulat 
ing substance, such as J, so as to retard the cooling of these portions ani 
promote more uniform cooling in all portions of the metal mold. 


















1,610,362, Process for the Treatment of Iron or Steel for Preventing 
Oxidation or Rusting, Thomas Watts Coslett, of Birmingham, England. 

This patent describes an improvement in rust-proofing processes for iron 
and steel over that described in the inventor’s prior patent Nos. 870,937 and 
1,007,069, which comprises adding as an additional constituent to the rust-proof 
ing solution a compound of boron, such as, for example, borie acid or borai. 
The rust-proofing solution is prepared by dissolving 2 ounces of pasty | 
concentrated acid zine phosphate and 1-% ounces of borie acid in | gallon 
of water. The concentrated zine phosphate may be prepared by dissolving 
6 ounces of powdered zine in % pint of phosphoric acid and % pint of hot 
water which after setting for a few hours, forms a pasty or powdered mass 
suitable for making the solution first mentioned. 


1,610,567, Annealing of Sheet Steel, Henry S. Marsh and Ralf 8. Coch: 
ran, of Youngstown, Ohio. 
This patent describes a continuous apparatus and method for annealing 
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steel which comprises inserting the sheets at the left end of a continu- 
furnace, such as illustrated, passing them through a nonoxidizing zonc 
1 by the burners 1, to a temperature of 1700 to 1850 degrees Fahr., 
ooling quickly, still in the nonoxidizing atmosphere, to a temperature 
200 to 1400 degrees Fahr., continuing the cooling to a dull red heat, 
leveling the plates and cooling slowly in packs in open air to a tem 
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ture of 200 degrees Fahr. or less. Cooling is accomplished by either 
ter cooling the right end of the furnace beyond the bridge-wall 3 or re- 
ng the insulation from this end of the furnace so as to form a cooler 
The process described produces more uniformly annealed sheets which 

of smooth appearance and which are more suitable to stand deep crawing 


erations. 


1,610,809, Electric Furnace, D. F. Newman, of Schenectady, New York 


Assignor to General Electric Company, a corporation of New York. 


This patent describes an electric furnace comprising a dome or hood 
which is supported for vertical movement by the plunger 8 operating i» 


the hydraulie cylinder 9. The hood 5 is suitably insulated by the refractory 


g 7 provided with a sight tube 16 and an inlet 17 for nonoxidizing gas. 
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od fits over a pedestal 18 which rotatably supports a table 14 pro- 
n the center thereof with suitable resistance elements 31 for heating 
nace. The outer edge of the table 14 provides a seal with the lower 
the hood 5 by means of a plurality of interfitting plates 11 and 12 
xtend annularly around the furnace. At intervals around the outer 


. the table 14, a plurality of supporting platforms 27 are removably 
| by means of the hooks 28. The furnace is charged by means of a 


















































132 TRANSACTIONS OF THE A. 8. 8. T. 





hydraulic plunger 26 which, when the hooks 28 are released, is ada) 
receive the platforms 27 and lower the same to the level of the ta! 
where the heated charge may be removed and the new charge insert , 
then to elevate the platforms 27 into the furnace. The table 14 
furnace is given a step by step rotation past the charging plunger | 
The furnace operating in t! 


suitable means, such as a handle 29. 


has very slight loss of heat or of the furnace gases at the point of echarvjyo 
e a] a A 


1,610,819, Electric Furnace, Christian Steenstrup, of Schenectady, Ney 
York, Assignor to General Electric Company, a corporation of New York. 

This patent describes an electric furnace simiJar to the one describ 
above, in which, however, the upper hood 7 is lifted by means of the 


ae 


a 





15 and cylinder 16 to expose the openings in the lower side walls of th 
at the proper points to permit the chargers to be inserted or withdra 
through small openings without substantial loss of heat or furnace gas: 
from the inside of the furnace. 


1,598,236, Method of Building and Starting Electric Induction Furnaces, 
Charles A. Brayton, Jr., Cleveland, Assignor to the Induction Furnace 
Company, Cleveland. 

The method consists in providing a easing for a short-circuited met 
core for forming the channel, in which casing there is sufficient cross 
sectional air space to permit lateral displacement of the core when es 
A refractory lining is packed about the-core, and a low curre! 
induced in the core to heat it and dry out the lining about the cor 
current is then increased to reduce the core to a molten mass. 


1,602,995. Nonferrous Alloy. William A. Wissler, Elmhurst ,N. Y., 2s- 
signor to Haynes Stellite Company, a corporation of Indiana. 


panding. 








A nonferrous alloy suitable for tools for the high-speed cutting of cas! 
iron which contains at least 15 per cent of chromium, at least 10 per cent 
another metal of the chromium group and at least 0.40 per cent of borol, 
with the balance principally cobalt. 
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| THE ENGINEERING INDEX 


Registered United States, Great Britain and Canada 


\rrangements have been made with The American Society of Mechanical 
; whereby the American Society for Steel Treating will be furnished each 
with a specially prepared section of The Engineering Index. It is to 
tems descriptive of articles appearing in the current issues of the world’s 
ng and scientific press of particular interest to members of the American 
for Steel Treating. These items will be selected from the copy prepared 
nnual volume of the Index published by the A. S. M. E. 
the preparation of the Index by the staff of the A. S. M. E. some 1,200 
and foreign technical publications received by the Engineering Societies 
(New York) are regularly searched for articles giving the results of the 

; most recent engineering and scientific research, thought, and experience. 

this wealth of material the A. S. S. T. will be supplied with a selective index 

e articles which deal particularly with steel treating and related subjects. 
statie copies (white printing on a black background) of any of the 
sted may be secured through the A. 8. S. T. The price of each print, 
11 by 14 inches in size, is 25 cents. Remittances should accompany orders, 
pri nt is required for each page of the larger periodicals, but whenever 
) pag res will be photographed together on the same print. When ordering 

ify the article by quoting from the Index item: (1) Title of article 
of perio dical in which it appeared; (38) volume, number, and date 

n of periodical; and (4) page numbers. 


ALLOYS ALUMINUM ALLOYS 


(EMPERATURE-RESISTING. | High ALUMINUM-CADMIUM. Influence of Cad 
Resisting Alloys (Hochhitzebe mium on Aluminum, N. F. Budgen. 
erungen), A. Fry. Kruppsche World, 

7, Oct. 1926, pp. 154-172, 9 

f Ferrotherm, Nichrotherm and 

s made and patented by Krupps 
ent of heat transmission of 15 
mperatures of up to 1100 deg. 


srass 
vol. 2, no. 11, Nov. 1926, pp. 349-353, 
8 figs. Series of tests establishes new facts 
regarding mechanical properties of these al 
loys; author’s conclusion is that they are not 
commercially useful. 

COMPOUNDS. Influence of MgZns on 
Aluminum Alloys (Der Einfluss der Verbin 
ALUMINUM } dung MgZng auf die Vergiitbarkeit von Alumi 
NA IN Alumina in Aluminum and niumlegierungen), W. Sander. Zeit. fiir an 
\ s, H. J. Anderson, Am. Metal organische u. allgemeine Chemie, vol. 154, 

no, 223, Nov. 20, 1926, pp. June 6, 1926, pp. 144-151, 2 figs. No alloy 

of aluminum will be improved by heat treat 
ment (500 deg. Cent.) and aging unless it 
contains at least one substance which goes 
into solid solution in aluminum and shows de 
creasing solubility with falling temperature ; 
: , only elements now known to give solid solu 
PMENTS. Aluminum—The Metal tions are zinc, copper, magnesium, silicon, 
Brass World, vol. 22, no. 11, lithium and beryllium; a particularly useful 


—_ 2 249 . : . r 
pp. 341-342. Developments of compound is MgZno. 
show its supremacy in many 


veight and hardness are valuable HEAT TREATMENT. A Rapid Method for 
gradually is forcing heavy metals the Heat Treatment of the Aluminum-Copper 
: : Nickel-Magnesium (Piston) Alloy, S. Daniels. 
OF SOLATION. Bite 60 Galeton => Tee, Saas Cie ene ce. 28, Be. _ 
nun (LS osresc indicke} = ec, 1926, pp. 8/2-382Z. utlines principles 
M. Pe cme —o — of heat treatment of “‘Y” alloy, together with 
fiir physikalische Chemie, vol. course of experimentation that led to adoption 
Aug. 20, 1926, pp. 455-481, 3 of two-hour’ treatment which increased 
lution of aluminum in dilute strength of alloy as cast from 25,000 to 
id was determined from meas- 35,000 Ibs. per sq. in., and Brinell hardness 
nount of hydrogen evolved: in- from 74 to 105; effect of time at soaking 
during which rate of solution temperature, quenching medium, aging tem 
followed by normal solution; it perature and period, and influence of cross 
hat metallic aluminum is cov- section upon mechanical properties. 
ssive film which is continuously PROPERTIES. Useful Alloys of Alumi 
to active metal (in presence of num and Their Properties, G. R. Webster. 
f thickness, as determined from Foundry Trade Jl., vol. 34, no. 533, Nov. 4, 
ind volume of hydrogen evolved 1926, p. 393. Gives properties of different 
n period; rate of solution of alloys of aluminum, which are divided into 
lkali increases as concentration three general groups: (1) aluminum with not 
ses. See brief translated ab- more than 10 to 25 per cent of added metals; 
Chem. Abstracts, Oct. 1926, (2) metals containing not more than 10 to 
15 per cent of aluminum; (3) alloys of rare 
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Discusses question of alumina 
clusions in aluminum and 
eventing their occurrence or ef- 

oval; consideration of origin 
ther inclusions which may be 


? 














































































































































































































134 





metals with aluminum containing from 0.5 
to 5.0 per cent of added metal. 

SAND-CAST. Properties of Some Sand- 
Cast Aluminum-Magnesium Silicide Alloys, 
8. Daniels. Indus. & Eng. Chem., vol. 18, no. 
12, Dec. 1926, pp. 1280-1285, 14 figs. When 
quenched and artificially aged those quasi-bin- 
ary alloys which contain from 1.25 to 1.75 
per cent of this compound, develop excellent 
combination of strength and ductility; bene- 
fits to be derived from heat treatment of such 
alloys are to be utilized rather in wrought 
materials; describes metallography. 

STREET-CAR CONSTRUCTION, FOR. 
Street Cars of Aluminum. Iron Age, vol. 
118, no. 24, Dec. 9, 1926, p. 1633. Alumi- 
num street car built by Cleveland Ry. Co. for 
experimental purposes; aluminum-alloy parts 
of car are in form of forgings, castings, light 
plates, tubing and standard formed sections ; 
few parts of body are of steel. 


ALUMINUM BRONZE 

PROPERTIES. Aluminum Bronze—An 
Acid Resisting Material, W. M. Corse. Am. 
Soc. Steel Treat.—Trans., vol. 10, no. 6, Dec. 
1926. pp. 898-905. Practically important 
aluminum bronzes are those containing less 
than 11 per cent aluminum; they possess, in 
addition to tensile properties of medium steel, 
far greater resistance to corrosion, wear and 
fatigue than such steel: aluminum bronze 
may be forged and machined with practically 
same equipment as for steel, and with proper 
care and fluxes it may be welded; properly 
designed castings have been made to stand 
hydraulic pressure of 1000 Ibs. per sq. in. 


BEARING METALS 
PROPERTIES. Bearing Metals, W. T. 


Griffiths. Inst. Mar. Engrs.—Trans., vol. 38, 
Sept. 1926, pp. 180-200 and (discussion) 200- 
207, 16 figs. Deals with tin-base, lead-base, 
and copper-base alloys; effect of casting on 
microstructure; testing; lubrication. 


BEARINGS 

BABBITTING. Electrically Heated Babbit- 
ting Process. Elec. World, vol. 88, no. 20, 
Nov. 13, 1926, pp. 1019-1020, 1 fig. De- 
scribes first complete installation by street 
railway of electrically heated babbitting 
equipment installed by Los Angeles Railway ; 
installation consists of three electrically 
heated and automatically controlled General 
Electric melting pots and preheating oven. 


BEARINGS, ROLLER 


HEATING AND ANNEALING. Timken 
Bearings and Gas Furnaces, F. W. Manker. 


Iron Age, vol. 118, no. 23, Dec. 2, 1926, pp. 
1549-1551, 5 figs. Data on fuel consumption 
and other features of heating and annealing 
practice; scrap reclamation by briquetting. 


BLAST FURNACES 

DESIGN. Some Practical Features of Blast 
Furnace Construction, W. G. Imhoff. Am. 
Metal Market, vol. 33, no. 223, Nov. 20, 
1926, pp. 3-5, 13 figs. Deals with hearth, 
bosh and inwalls. 

GRANITE CITY, ILL. Complete 700-Ton 
Blast Furnace, R. A. Fiske. Iron Age, vol. 
118, no. 20, Nov. 11, 1926, pp. 1341-1343, 3 
figs. Seccend stack at Granite City permits 
expansion of boiler equipment and erection of 
electric power plant; surplus power sold. 

GREAT BRITAIN. Blast Furnaces of the 
United Kingdom. Foundry Trade Jl., vol. 
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28, 1926, 


Quarterly report containing tab 
piled from returns received dir 


naces, 


600-TON. 


J. E. Kno 


Places Modern St 


x. Iron Trade Rev., y 
Dec. 2, 1926, pp. 1418-1421 an 
Details of new furnace install 
Steel Co., Massillon, O.; hot m: 
600-ton furnace is transferred 
ladles either to double-strand pig 
direct to steel works; 
washer sludge is sintered. 


BOILER TUBES 
ELEVATED TEMPERATURES 
erties of Boiler Tubing at Eley 


steel 


all flue 


‘tures Determined by Expansion 
White and C. L. 


Clark. Am 
Engrs.—Advance Paper, for mt 
1926, 17 pp., 16 figs. 
termine safe working loads for 


seamless tubing at 


Investig 


elevat 


tures; there is increasing tender 
both temperature and pressure, 
known of properties o 
temperatures, particularly when 
are maintained for long periods 
forth preliminary findings on 0.1 
tubing when loaded at tempera 
1000, 1250 and 1500 deg. Fahr 


BOILERS 


A. S. M. E. CODES. 


denda 


Eng., vol. 48, no. 12, 


1478, 1 


castings for valves, 


f metal 


Revi 


to Boiler Construction ( 


Dec. 192 


fig. Specifications for 


high-temperature 


carbon steel and alloy steel forg 


BRASS 


flanges and 


service: specif 


ARSENIC, EFFECT OF. T 


Arsenic on Brasses. 


vol. 29, no. 9, Aug. 27, 
fig. Points out that influence of 
pends on whether it is free or in 


varies 


with grade of 


Metal Indi 


1926, pr 


alloy ; 


cheaper arsenical copper can be 
for manufacture of 
whereas it is absolutely prohibit 
manufacture of 60-40 brass. 


vantage 


CASTINGS. 


Bronze Castings. 
no. 535, Nov. 18, 1926, p. 434. 

fects due to process of manufact 
chiefly of presence of impurities 


fects arising from after treatment 


Founc 


Some Defects 


iry Trade J 7 


heating, overworking welds, etc. ; 
for impurities, direct examinatior 
section under microscope may 
trouble: etching can also be resort 
wards if required; oxi 
caused during solidification. 
EXTRUSIONS. 
the Extrusion of (Alpha and 


(Die giinstigste Presstemperatur \ 
W. Schreiter. 
kunde, vol. 18, no. 9, Sept. 1926 


Messing), 


Opti 


de inclus 


mum Tem; 
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Zeit 


287, 9 figs. Extrusion experiment 
containing 52 to 66 per cent cop) 
optimum temperature 
with composition of alloy, but is, 


just 


slightlv 


for extr 


above temperatu! 
whole of metal is in the beta fo! 
structure of metal extruded at 74° 


consists of long parallel lines of 
alpha and beta, whereas at 760 
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structure 


crystal 
annealing at 760 deg. Cent. 

tisfactory beta structure; similar 

s hold for other brasses contain- 

i\% copper. 

translated abstract in Chem. & 

1. 45, no. 46, Nov. 12, 1926, pp. 


usually 


BRONZES 

\L PROPERTIES. The Porosity 
| Properties of Bronze (Ueber die 
ind die physikalischen Eigenschaf- 
2otgusses), Reitmeister Giesserei-Zeit- 
ng 23. nos. 20 and 21, Oct. 15 and 
Noy. 1, 1926, pp. 559-564 and 592-596, 18 
fig Vork at experimental foundry of Ger- 
Railway ; processes of solidification 
illoys; testing of molding sand; 
etween chemical composition and 
to segregation; physical properties 

f ind results of tests. 
STAMPING AND FORGING. Changes in 
¥ es of Bronze with Stamping and Forg- 
g ber Aenderungen der Ejigenschaften 
bronze beim Pressen und Schmie- 
Schleicher. Zeit. fiir Metallkunde, 
10, Oct. 1926, pp. 322-323, 6 
yr vestigation of a group of bronzes, 
wn as cannon bronze, showed that 
nds of working (stamping and 
ging) do not affect mechanical and tech- 
perties of metal, but have consider- 

I ‘ e on structure. 

STRUCTURE AND PROPERTIES. The 
S ture and Properties of Bronze (Einiges 
Aufbau und die Eigenschaften von 
R. Kitihnel. Zeit. fiir Metallkunde, 
9 and 19, Sept. and Oct. 1926, 
8 and 306-311, 24 figs. Effect of 
especially bismuth, arsenic, anti- 
lead on a standard bronze used in 
ictice for armatures, bearings, etc., 
cent copper, 9 per cent tin and 6 
ne content; auto-deoxidation; oc- 
stannic acid; effect of sulphur 
irence in structure; compressive 
hardness, tenacity, workability and 
series of melts which were pro- 
rder to find a standard alloy as 
for above-named bronze which is 


CASE-HARDENING 


FURNACI An Efficient Carburizing Fur- 
Surface Combustion Type, A. E. 
White | E. R. MePherson. Am. Soc. Steel 


'rans., vol. 10, no. 6, Dec. 1926, pp. 
nd (discussion) 950-953, 5 figs. 
e installation in Packard Motor 

results of tests run on these furnaces 

f determining temperature, dis- 
regulation; production capac- 

consumption; in author’s opin- 

pe of carburizing furnace is one 
ting type. 

MACHINES FOR. Rotary Ma- 

Carburizing, F. §S. O’Neil. Iron 

Age, 118, no. 21. Nov. 18, 1926, pp. 

{ figs. Greater uniformity of 


rted; cost figures given; advan- 
g bsidiary uses, 


nda 
A 


ROTARY 


CAST IRON 


Or AND CONTRACTION. Note on 
ng and Contraction of Iron Castings, I. 
Sug i. Soe. Mech. Engrs. (Japan)—J1., 

114, Oct. 1926, pp. 585-594, 3 
cooling and contraction curves 
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obtained of rapidly and slowly cast iron from melting 
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to ordinary temperatures obtained by special 
apparatus of author’s own design, and results 
are formulated in mathematical expressions ; 
density and shrinkage of cast iron which oc- 
cluded air while pouring. (In English) 

GERMAN STANDARDS. Cast Iron (Guss- 
eisen). Maschinenbau, vol. 5, no. 20, Oct. 
21, 1926, pp. 965-966. Proposed tentative 
specifications of the German Industrial Stand- 
ards Committee (N. D. I.) for testing of 
different classes of cast iron. See also Gies 
serei, vol. 13, no. 44, Oct. 30, 1926, pp. 
850-852. 

GERMAN STANDARDS. Report of Ger- 
man Industrial Standards Committee (NDI- 
Mitteilungen). Bauingenieur, vol. 7, no. 45, 
Nov. 5, 1926, pp. 45-48 (Baunormung), 2 


figs. Proposed standards for cast iron of 
various qualities; cast-iron steps (for con- 
crete shafts). 

GERMAN STANDARDS. Standardiza- 


tion in Foundries (Normungsarbeiten im Gies- 
sereiwesen ), Scharlibbe. Giesserei-Zeitung, 
vol, 23, no, 22, Nov. 15, 1926, pp. 628-630. 
German N. D. I. tentative specifications for 
cast iron; general rules for testing, etc. 

GRAPHITIZATION. Graphitization at Con- 
stant Temperature Below the Critical Point, 
H. A. Schwartz and H. H. Johnson. Am. Soc. 
Steel Treat.—Trans., vol. 10, no. 6, Dec. 
1926, pp. 965-970, 1 fig. This paper is brief 
sequel to earlier paper by one of the authors; 
evidence is furnished that mechanism of re- 
action in its earlier stages at least, is identi- 
cal above and below critical point; it is 
shown that apparent permanence of meta- 
stable system at atmospheric temperatures is 
not inconsistent with conception that graphiti- 
zation proceeds at any temperature, no matter 
how low. 

GRAPHITIZATION. Influence of the Vari- 
ous Elements on the Graphitization in Cast 
Iron, H. Sawamura. College of Eng., Kyoto 
Imperial Univ.—Memoirs, vol. 4, no. 4, Sept. 
1926, pp. 159-260, 141 figs. Influence of 
various elements on graphitization in white 
cast iron; influence of aluminum, nickel, cop- 
per, cobalt, gold and platinum, chromium, 
tungsten, molybdenum, vanadium, phosphorus, 
sulphur, manganese; theoretical consideration 
of graphitization; supplemental experiments; 
graphitization velocity and degree; mechan- 
ism of graphitization. (In English) 

IMPROVEMENT. Results in Improving 
Quality of Cast Iron (Etude comparative des 
résultats obtenus dans l’amélioration § des 
qualitiés des fontes moulées), L. Piedbeuf. 
Revue Universelle des Mines, vol. 12, no. 1, 
Oct. 1, 1926, pp. 2-11, 5 figs. Compares vari- 
ous kinds of cast iron of high resistance by 
means of Maurer diagram; effect of rapid and 
slow cooling; graphitization; micrographic 
study. 

NICKEL ADDITION. Improving Gray Cast 
Iron with Nickel. West. Machy. World, vol. 
17, no. 11, Nov. 1926, pp. 501. Gives list 
of castings for which nickel and nickel-chrom- 
ium additions are recommended and being 
successfully used. 

PEARLITIC. Perlit Iron, the Maurer Dia- 
gram, and other Formulae for Cast Iron. 
Metal Industry (Lond.), vol. 29, nos. 20 and 
21, Nov. 12 and 19, 1926, pp. 467-468 and 
491-492, 2 figs. Author challenges question 
of accuracy and reliability of iron-carbon- 
silicon diagrams of cast iron, and deprecates 
too great dependence upon their results; such 
dependence is not, he considers, justified in 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































light of present knowledge and is apt to be 
misleading. 

TESTING MACHINES. Modern Cast Iron 
Testing Machines (Neuzeitliche Gusseisen- 
Priifmaschinen), H. Kalpers. Dinglers Poly- 
technisches Jl., vol. 107, no. 21, Nov. 1926, 
pp. 240-242, 9 figs. Details of apparatus by 
various makers for testing tensile strength, 
hardness, elasticity, limit of elasticity and 
reduction of profile area. 










CHROME-NICKEL STEEL 

FLAKES IN. Hair-Line Cracks in Nickel- 
Chromium Steel, R. H. Greaves. Metallurgist 
(Supp. to Engineer, vol. 142, no. 3698), Nov. 
26, 1926, pp. 167-171, 5 figs. Hair-line 
eracks referred to are only one type of num- 
ber of defects described in recent technical 
literature as flakes in steel ; observations made 
in Research Department, Woolwich, on occur 
rence and distribution of cracks, having ap 
pearance on machined surface of steel of ex- 
tremely fine cracks of length usually not ex- 
ceeding 0.5 in.; review of recent work by 
Bardenheuer on flakes in nickel-chrominm 
steel. See reference to original article by 
Bardenheuer in Eng. Index 1925, p. 149. 


COPPER 

COPPER OXIDE, EFFECT OF. On the 
Influence of Cuprous Oxide on Electrolytic 
and Refined Copper, H. Altwicker. Continen- 
tal Met. & Chem. Eng., vol. 1, no. 3, Oct. 
1926, pp. 70-74, 4 figs. Review of investi 
gations; results of experiments carried out by 
author on three different grades of copper, 
namely: electrolytic copper produced by re- 
melting sheet and wire scrap; refined copper 
made from oxidie products and containing 
small amounts of nickel, arsenic, etc.; and 
refined copper produced from blister copper 
and containing 0.5 per cent nickel. 


CORROSION 

FERROXYL INDICATORS. The Ferroxy! 
Indicator in Corrosion Research, U. R. Evans. 
Metal Industry (Lond.), vol. 29, nos. 21 and 
22, Nov. 19 and 26, 1926, pp. 481-482 and 
507-508, 9 figs. Discusses reliability of so 
called ferroxyl indicator with special refer 
ence to McKay-Liebreich controversy regard- 
ing cause of pitting; mechanism of pitting. 

GAS INDUSTRY. Some Phases of Corro- 
sion, R. H. Ruthven. Gas World, vol. 85, no. 
2207, Nov. 20, 1926, pp. 523-527, 4 figs. 
Effect of oil filming in external corrosion of 
holders; graphitization of cast-iron mains; in- 
ternal corrosion of gas mains and services. 

IRON AND STEEL. Iron and Steel: Sul- 
phurie and Nitric Corrosion, S. C. Bate. 
Chem. Age, vol. 15, no. 383, Oct. 30, 1926, 
pp. 419-420. Results of experiments in 
which action of oleum, sulphurie acid and 
nitric acid of various concentrations and mix- 
tures of these acids on iron and steel were 
compared with object of discovering relative 
powers of resistance of iron and steel towards 
these acids, and any limiting nitric acid or 
water content in mixed acids at which any 
considerable corrosion of metal surfaces can 
be said to begin. 

PROBLEMS. Corrosion, J. Mitchell. 
West of Scotland Iron & Steel Inst.—QJI1., vol 
83, Mar.-Apr. 1926, pp. 72-81 and (discus- 
sion) 81-87, 1 fig. General statement of es- 
tablished concepts of modern theory and 
translation of scientif» factors which are 
relevant to application of that theory into 
terms of practical working conditions; author 
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refers to personal work and ex 


W. Bennett. Soc. Naval Arcl 
Engrs.—Advance Paper, no. 6, 
11-12, 1926, 28 pp., 37 figs. Ri 
of corrosion on shell rivet p 
tions advanced; corrosion thi 
of copper content on steel; 
electrolytic theory; pitting and 
rosion, 





CRYSTALS 

LARGE SINGLE Meth 
Large Metal Crystals, H. ¢ 
Metal Industry, (Lond.), vol. 29 
19, Oct. 29 and Nov. 5, 1926 
and 437-439. Deals with prol 
ing piece of metal in form of 
which is theoretically capable 
at least three ways: By product 
por phase, from liquid phase, 
sion of ordinary polycrystalline 


gle crystal; properties of sins 


original softness and_ distort 
distortion under compression. S 
Lecture. 


CUPOLAS 

COKE COMBUSTION. = Th 
Moisture on the Combustion, 
Coke (Ueber den Einfluss det 
bei Verbrennungsvorgiingen, ins 
der Verbrennung von Koks), 
and E. Piwowarsky. Stahl u. |} 


SHELL RIVETS AND PLATES 


no. 39, Sept. 30, 1926, pp. 1311 


Experiments on laboratory basis 
authors on cupola 1500 mm. h 
diameter of 220 mm. in tuyere 
show that certain amount of 
favorable effect on combustion 
cal amount of moisture is that 
tage of improved radiation is 
by heat consumption of endothe 
of steam; other experiments 
moisture had bad effect on igr 
ture and combustibility of cok« 
reduction of COs. See also 
stract in Foundry Trade Jl., 
Nov. 18, 1926, p. 441. 


CUTTING METALS 
ELEMENTS. A Research in 
of Metal Cutting, O. W. Bost 


Mech. Engrs.—Advance Paper, | 


6-9, 1926, 95 pp., 83 pp. I 
fundamental elements of metal 
ducted in Machine Tool Laborat 
sity of Michigan: object of inv 
to determine relation between 
in direction of cut for constant 








of 20 ft. per minute, and deg 
sharpness, various tool angles 


depth of cut, and physical prop 


terials cut; nine representativ: 
terial were cut including carb 
steels, brass, and annealed al 


I 


cast iron; cutting was confined 


line motion on planer and t 
of end-cutting type; results in 


other things, that there is appa 
between some of physical propert 
and their machinability of cutt 


tools. Bibliography. 
PROBLEMS. Contribution t 
] 


and Turning of Metals, H. KI! 
tinental Met. & Chem. Eng., v 


1 


and 4, Sept., Oct. and Nov. 192 


75-77 and 108-104, 14 figs. 
searches and experiments carri¢ 
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resting Department of Technische 
Berlin; two of most vital prob- 
solved were determination of 
ved at cutting edge in turning of 
f sizes and study of cutting 
ny lved. 


















CUTTING TOOLS ; 
1 TURNING. Rough Turning with 
Reference to the Steel-Cut, H. J. 
T. G. Digges. Am. Soc. Mech. 
Advance Paper, for mtg. Dec. 6-9, 
op., 22 figs. Tests extend to cur- 
reial high-speed tool and _ struct- 
teels and portions of Taylor’s ori- 
tigations in rough turning carbon 
were made primarily to show ef- 
tool performance of variation in 
nposition and mechanical proper- 
cut and include lathe tests on 
] low- and_high-chromium, 
vanadium, chromium-molybdenum 
el-chromium steels having tensile 
between 65,000 and 195,000 lbs. 










SISTANCE OF METALS TO. Work- 
Properties of Metals, E. C. Her- 












Am Soc. Mech. Engrs.—Advance 
mtg. Dec. 6-9, 1926, 43 pp., 37 


Ser to bring into correlation with 
{ f cutting tools certain groups of 
blished and generally recognized 
f among them being: (1) fact that 
hardened by any process which 
so as to cause permanent change 
vhile they are at low or moderate 
s, process generally referred to as 
2) fact that metals are deformed 
refore herdened by cutting tools; 
that heat is generated by deforma- 
ils and in preeminent degree by 
g operaticns; and (4) degree of 
ced by working metals with cut- 
r otherwise is greatly influenced 
iture at which deformation takes 
vs bearing of these correlated facts 
offered by metals to cutting 
rate of wear of cutting tool. 





















DROP FORGINGS 
MMING. Dies and Presses for Trim- 
Forgings, E. V. Crane. Forging— 
S Heat Treating, vol. 12, no. 11, 
; 6, pp. 416-420, 8 figs. Discusses 
tvpes of dies and presses used for 
lrop forgings; data for selecting 


press given 



















DURALUMIN 
( OSION. The Protection of Duralu- 
Corrosion, W. Nelson. Aviation, 

19, Nov. 8, 1926, pp. 795-799, 3 

figs. M is adopted for protection of du- 
tructures from effects of corrosion; 

se of this metal is made perfectly 
satisfactory in aircraft construc- 












PROPERTIES. Duralumin, L. Aitchison. 
g \ircraft Engr.), vol. 18, nos. 12, 
o, 30, 39 and 48, Mar. 25, Apr. 29, 

June 24, July 29, Sept. 30 and Oct. 
pp. 178a-178¢e, 260g-260i, 808¢- 

8 f-362h, 464a-464c, 636a-686c and 
Reheating and heat treating of 

Apr. 29: Tests to determine me- 

roperties, May 27: Process of 

Iter quenching: heating prior to 
working of salt baths. June 24: 


1 its causes. July 29: Hot work 
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ing of duralumin; preparation of forging 
Sept. 30: Discontinuities in duralumin. Oct. 
28: Machining of forgings and drop forgings, 
and extruded and hammered duralumin bars; 
duralumin tubes; welding. 


ELECTRIC FURNACES 

ANNEALING, Electric Annealing Found 
Best by User, C. P. Yoder. Elec. World, vol. 
88, no. 23, Dec. 4, 1926, pp. 1167-1171, 6 
figs. Experiences of manufacturer who sub 
stituted electric annealing for oil-fired furnace 
under comparable conditions. 

ANNEALING. Electric Annealing of Mag 
netic Materials for Telephone Apparatus, W 
A. Timm. Am. Soc. Steel Treating—tTrans., 
vol. 10, no. 5, Nov. 1926, pp. 782-799, 10 
figs. Describes annealing equipment used b:; 
Western Electric Co. at Clinton Street shops 
up to 1909 and later at Hawthorne plant, in 
contrast to more recently installed electrical 
equipment; first named equipment was of 
coal-fired type, and second was of oil-fired 
type; in 1924 one electric recuperative fur 
nace was installed at Hawthorne plant; it 
has been demonstrated that car-type recupera 
tive annealing furnace is well adapted to 
type of work in question. 

ANNEALING. Tests with Electric Anneal 
ing Furnaces (Versuche mit elektrischen 
Gliihéfen), T. Stassinet. Stahl u. Eisen, vol. 
46, no. 45, Nov. 11, 1926, pp. 1587-1547 and 
(discussion), 1547-1549, 18 figs. Results of 
tests show that proper dimensioning of fire- 
brick-wall thickness and insulation will bring 
about considerable saving in energy and great 
increase in efficiency; furnace built on this 
principle was subjected to thorough investi 
gation, and it was shown that new type of 
electric annealing furnace can compete with 
most modern types of fuel-heated furnaces. 

STEEL-HEATING. Electric Furnace for 
Heating Drill Steel, H. K. Fox. Elec. World, 
vol. 88, no. 21, Nov. 20, 1926, pp. 1074-1075, 
2 figs. Oil displaced with successful arcless 
furnace on hydroelectric tunnel job; enumer 
ates advantages over fuel-fired furnaces. 

TOOL HARDENING.  Lead-Bath Furnace 
Improves Tool Hardening, J. L. Faden. Elec. 
World, vol. 88, no. 20, Nov. 18, 1926, p. 
1025, 1 fig. Installation of 23-kw. electric 
furnace for operation on 230-volt single-phase 
service in tool room of general service build- 
ings of Edison Electric Illuminating Co., 
Boston, Mass.; outfit has capacity for heating 
about 150 Ib. of steel per hour and consumes 
from 16 to 18 kw-hr. per hour in this service. 


ELECTRIC WELDING 

BUTT WELDING. Electric Fusion Weld- 
ing Process (Das_ elektrische Abschmelz 
schweissverfahren), J. Sauer. Werkstattstech- 
nik, vol. 20, no. 19, Oct. 1, 1926, pp. 579-585, 
26 figs. Shows by means of examples on boiler 
tubes, crankshafts, camshafts, cutting tools, 
ete., that the butt-welding process has been 
improved to a point of giving absolutely safe 
welds; comparative data with fire welding, 
strength tests, etc. 

GAS HOLDERS. A 1,000,000 cu. ft. Elec 
trically-Welded Gasholder. Engineer, vol. 
142, no. 3698, Nov. 26, 1926, pp. 586-587, 6 
figs. Additional particulars concerning gas 
holder at Melbourne, Australia. 

SEAM. Electric Seam Welding Applied to 
Sheet-Metal Work, I". W. Curtis. Am. Mach., 
vol. 65, no. 21, Nov. 18, 1926, pp. 833-835, 
8 figs. Principles of seam-welding machine 
and procedure to follow in welding different 





















































































































































































































































































































































types of work; examples of welding opera- 
tions; importance of cleaning; knurling rolls 
for scaling. See also description of machine 
in Iron Age, vol. 118, no. 21, Nov. 18, 1926, 
p. 413. 

TORCHES. The Electric Torch, J. C. Lin- 
coln. Am. Welding Soc.—Jl., vol. 5, no. 11, 
Nov. 1926, pp. 18-23, 2 figs. Apparatus de- 
veloped in laboratory of Lincoln Electric Co. ; 
experiments indicate that core of are is blast 
from negative terminal, that current flows 
outside of blast, and that section of current 
across arc would be annulus and not a circle. 


ELECTRIC WELDING, ARC 

AUTOMATIC WELDER. General Electric 
Automatic Welder. Machy. (N. Y.), vol. 33, 
no. 4, Dec. 1926, p. 308, 1 fig. With new 
design of automatic are welder, operator need 
only push button to start sequence of opera 
tions, weld being produced without any fur- 
ther effort or skill on his part. See also Iron 
Age, vol. 118, no, 23, Dec. 2, 1926, p. 1556, 
2 figs. 

AUTOMATIC WELDER, Westinghouse 
Automatic Arc Welder. Machy. (N. Y.), vol. 
33, no. 4, Dec. 1926, pp. 309-310, 2 figs. 
Machine that automatically feeds welding 
wire used in metallic electrode welding, to 
work at any speed up to 3 ft. per minute; 
known as Auto-Are machine. 

CHARACTERISTICS AND APPLICATION. 
Electric Welding, Characteristics and Uses 
(La soudure électrique), M. A. Ménétrier 
Electricité & Mécanique, nos. 12 and 13, May- 
June and July-Aug., 1926, pp. 1-44 and 
18-33, 26 figs. Concludes from experiments 
that for plates 2 to 30 mm. thick, are weld- 
ing is best; for thinner plates resistance 
welding is best; automatic are welding as 
developed by G.E.C. and used in United 
States. 

HYDROGEN. Flames of Atomic Hydrogen, 
I. Langmuir. West Soc. Engrs.—QJl., vol. 31, 
no. 10, Oct. 1926, pp. 373-387, 7 figs. Re- 
view of author’s researches leading up to new 
development in welding. 

STRUCTURAL STEEL. Development of 
Arc Welding of Steel Structures, A. M. Candy. 
Eng. News-Rec., vol. 97, no. 17, Oct. 21, 
1926, pp. 660-662, 3 figs. Some items of his- 
tory since 1920; impact strength of welded 
joints; possibilities in design. 


ELECTRIC WELDING, 
RESISTANCE 
PRINCIPLES. Principles of Resistance 
Welding. Welding Engr., vol. 11, no. 11, 
Nov. 1926, pp. 37-38, 3 figs. Principle of 
electric spot, butt and seam welding; elec- 
trical features of welding machines. 


FORGING 

PRESSES. A Novel Electrically Operated 
Forging Press, A. Friederici. Eng. Progress, 
vol. 7, no. 11, Nov. 1926, pp. 809-311, 4 
figs. Details of press manufactured by Kalk 
Machine Works, and comparison of this type 


— forging hammers and presses hitherto 
used, 


FORGINGS 


BRASS. Brass Forgings, O. J. Berger. 
Machy. (N. Y.), vol. 83, no. 4, Dec. 1926, 
pp. 299-300. Gives reasons for forgings re- 
placing brass castings; finish and strength of 
forgings ; comparison of machining costs; hot- 
pressed parts; dies for hot-pressed parts, drop 
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and steam hammers and for tri: 
importance of correct heating. 


FURNACES, ANNEALING 
WASTE-HEAT RECOVERY. 
from Annealing Furnaces, C. H. S 
Iron & Coal Trades Rev., vol. 11 
Oct. 22, 1926, p. 617, 2 figs 
boiler was installed by Sulzer B: 
of Swiss Trading Co., Neuhausen, 
of heat; its use for raising | 

steam. 


FURNACES, GAS 

BABBITT METAL, FOR. Gas 
Babbitt Metal, C. C. Hermann. | 
vol, 22, no. 11, Nov. 1926, p. 
influencing selection of gas ove 
for new furnace installed for m« 
metal. 

NON-FERROUS METALS, FOR 
Non-Ferrous Metal Industry, R. S. 


Gas Jl., vol. 125, no. 25, Nov. 2( 


605-606. Its use is compared w 
ity; describes various types; rec 
furnace for brass melting, etc. ; 
vanizing, and in making storage 


FURNACES, HEAT-TREATING 


ELECTRIC,  Electrically-Heated 
naces, C. H. Carpenter. Indus 
84, no. 11, Nov. 1926, pp. 508 
Types commonly used in heat 
metal parts, and operating adva: 
they offer. 

ROTARY-RETORT. Heat T 
Conveyor Parts in Rotary Ret 
F. S. O’Neill. Fuels and Furna 
no. 12, Dec. 1926, pp. 1451-1452 
2 figs. Rotary-retort furnaces heat 
product coke oven gas used in 
hardening, and carburizing of part 
sizes, 


FURNACES, HEATING 
BILLET-HEATING. The B 
Heating Furnace. Iron & Coal T 
vol. 113, no. 8062, Nov. 5, 192¢ 
figs. Furnace developed by 
French steel works consists of \ 
ing chamber of rectangular sect 
billets are stacked; gas enters at 


of chamber and passes downwards 
pile of billets; cold billets are int 


bottom of pile, and heated ones 
from top of pile. 

GAS-FIRED. Town Gas Fired 
Bar Re-Heating Furnace. Gas J] 


no. $311, Nov. 3, 1926, p. 290, 2 fig 


lieved to be the largest furnace 


fired by means of coal gas; advar 


rived from utilization of city gas 
erly applied. 


HEAT TRANSMISSION IN. Hi 
mission in Ingot-Heating Furnaces 
Erkenntnisse auf dem Gebiete des 


bergangs in Stossdfen), H. Netz 
Eisen, vol. 46, no. 46, Nov. 18, 


1592-1594, 2 figs. Results of inv 
on a coal-fired furnace to detern 
transmission coefficients for transf 
from gas to ingot; conditions influen 


transmission. 


FURNACES, INDUSTRIAL 
DESIGN. General Principles 
Construction and Design, W. Tri: 
Age-Rec., vol. 58, nos. 13 and 14 


and Oct. 2, 1926, pp. 419-422 and 453-456 


Gas 
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isses types and features of de- 
t that heating capacity of fur- 
ipon (1) temperature equaliza- 
(2) heat transfer to charge (3) 
generation of heat. 


PONESS 
= : rEST. Limits of Application of 
: ness Test (Anwendbarkeitsgrenzen 
sehen Kugeldruckprobe), P. W. 
Motorwagen, vol. 29, no. 24, Aug. 
In technical publica- 
have appeared figures indicating 
rdness up to 1000; such hardness, 
was indicated for nitration case- 
cess of Krupp; in case of hard- 
of this magnitude, Brinell ball 
rms excessively; it is likely that 
figure exceeding 500 Brinell is 
this would correspond to tensile 
f 350,000 Ib. per sq. in.; for 
rdness, scratch methods or Shore 
devices should be used. 


DI 56-557, 


rREATMENT 
RL Manufacturing by Electric 
S. Scott. Elec. Jl., vol. 23, no. 11, 
Nov 6, pp. 548-555, 9 figs. Deals with 
processes in general use; general 
f using electric heat; common 
heat treated; electrical equipment 
correctly and satisfactorily meet- 


HEAT 


il n. 
NICKEI Latest Methods of Heat Treating 
! to Nickel and its Alloys, F. M. 
M n Trade Rev., vol. 79, no. 22, 
\ yp. 1347-1350, 4 figs. Equip- 
ctice of International Nickel Co., 
W. Va.; new type of continu- 
nnealing or normalizing furnace is 
tion, and designed to take place 
nnealing furnaces without any in- 
gas consumption per pound of ma- 
practically all of furnaces are 
ind were designed, manufactured 
| by Surface Combustion Co., New 


IRON 
OMMERCIALLY PURE. Pure Metals in 
t Engineering, L. P. Sidney. Elecn., 
2530, Nov. 26, 1926, pp. 608-609 
figs. Distinction between chemi- 
rcial purity; method of pro- 
perties of ‘‘Armco”’ iron; some 


ne 


ALLOY ADDITIONS TO CHARGE. 
Ferroalloy Additions, R. S. Kerns. 

54, no. 13, July 1, 1926, pp. 

{ | chart. Presents series of curves 
h gives required weight of alloy 

weight of charge when weight 

entage of alloy in ferroalloy, 

points alloy is to be raised are 

iso Forging—Stamping—Heat 


Treating 12, no. 11, Nov. 1926, pp. 
425-4 


PLASTIC DEFORMATION. The Plastic 

eforn f Iron. Metallurgist (Supp. to 
Engi 142, no. 3698), Nov. 26, 1926, 
p. 1 Discusses formation of slip 
train; results of research. 


IRON ALLOYS 
( M-TRON-CARBON. Nature of 
Iron-Carbon Diagram, M. A. 
Am. Inst. Min. & Met. Engrs.— 
- 612-C, Dec. 1926, 17 pp., 18 


ration of somewhat radical 
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modifications in iron-carbon diagram which 
are result of presence of notable amounts of 
alloving elements. 

IRON-MOLYBDENUM. The Iron-Molybde 
num System, W. P. Sykes. Am. Soc. Steel 
Treat.—Trans., vol. 10, no. 6, Dec. 1926, pp. 
839-870 and (discussion) 870-871 and 1035, 
46 figs. Describes carbon-free alloys of iron 
and molybdenum and includes equilibrium 
diagram of this system as determined from 
fusion temperatures, heat treatments and 
study of accompanying microstructures; tem 
perature-solubility relations make possible de 
velopment of secondary hardness by aging 
supersaturated solid solution at 1112 to 1290 
deg. Fahr.; this hardness is equal to that of 
high-speed steel and persists at temperatures 
considerably higher. 

NICKEL-IRON. Nickel-Iron Alloys, W. T. 
Griffiths. Eleen., vol. 97, no. 2530, Nov. 26, 
1926, pp. 612-613 and 618, 5 figs. Remark 
able magnetic properties; high initial per- 
meability and low hysteresis loss; their im 
portance in submarine telegraphy. 

SILICON DETECTION. A Specific Etching 
Medium for Detecting Silicon in Iron by Etch 
ing (Ein spezifisches Aetzmittel fiir Silizium 
in Eisen), P. Oberhoffer. Stahl u. Eisen, vol. 
46, no. 35, Sept. 2, 1926, pp. 1191-1192, 5 
figs.; also translated abstract in Iron Age, 
vol, 118, no. 24, Dec. 9, 1926, p. 1618, 2 figs. 
Results of experiments using iodine as etching 
reagent for silicon in iron; solution found best 
is alcoholic one, 1:10, of 0.1 per cent normal 
iodine with etching time of 5 to 15 min.; 
effect of other elements in presence of silicon. 


IRON CASTINGS 

GRATE BARS. _ Results of Investigations 
of Grate Bars (Ergebnisse von Untersuchun 
gen an Roststiiben), Kiihnel. Giesserei, vol. 
13, no. 43, Oct. 22, 1926, pp. 809-815 and 
(discussion) 815-818, 16 figs. Review of re 
cent large-scale investigations; results of au- 
thor’s tests on bars with varying phosphorus 
content; sulphur enrichment; main zone of 
destruction lies only in path of combustion 
and extends over a depth not exceeding 1 cm. 


IRON METALLURGY 
PROGRESS. The New 
Ferrous Metallurgy. Mech. Eng., vol. 48, no. 
12, Dec. 1926, pp. 1443-1448, 3 figs. Pre- 
sents advances in metallurgy of ferrous ma- 
terials that have taken place since summer 
of 1925; deals with martensite, delta iron, 
impact tests on nickel-chromium steels, ma 
croscopic examination of iron and steel, etch- 
ing reagents, ultra-violet metallurgy, X-Ray 
photography, chromizing, method of observ- 
ing flaws in metal surfaces, dilatometric 
method of heat treatment, carburization, 
Maurer carbon-silicon diagram of cast iron, 
malleable cast iron, electric silicon steel, fa 

tigue failure of metals, etc. 


Year’s Progress in 


MALLEABLE IRON 

ANNEALING. Annealing Malleable Cast 
ings in a Continuous Tunnel Furnace, W. N. 
Robinson. Fvels and Furnaces, vol. 4, no. 
12, Dec. 1926, pp. 1478-1475 and 1478, 3 
figs. Semi-muffle furnace of tunnel-kiln type 
heated by producer gas has productive capac- 
ity of 16 tons per 24-hour day on 120-hour 
annealing cycle. 


MALLEABLE IRON 
HEAT TREATMENT. The Malleableizing 
Heat Treatment, H. A. Schwartz, Forging— 
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Stamping—Heat Treating, vol. 12, no. 11, 
Nov. 1926, pp. 413-415. Author discusses 
metallurgical and manufacturing limitations 
under which heat treatment of malleable cast- 
ings is carried out. 

MALLEABLEIZING KILN. A Continuous 
Malleableizing Kiln, G. Blakney. Am. Gas 
Assn. Monthly, vol. 8, no. 12, Dec. 1926, pp. 
755-756 and 759-760. Development of tunnel 
type of continuous oven, through which pots 
of castings are passed in regular sequence; 
outstanding feature is design of tunnel, which 
is open full length on both sides from bottom 
of kiln; another characteristic is semi-muffle 
feature. 

WHITE-HEART VS. BLACK-HEART, A 
Comparison of Whiteheart and Blackheart 
Malleable Cast Irons, A. E. Peace. Foundry 
Trade Jl., vol. 34, no. 536, Nov. 25, 1926, 
pp. 460-462. Essential difference in two ma- 
terials is due to pig iron used; melting and 
casting; annealing and straightening; struc- 
ture and physical properties; magnetic prop- 
erties ; applications. 


MANGANESE STEEL 

CHARACTERISTICS. Characteristics of 
Alloy Steels—Manganese Steel. Am. Mach., 
vol. 65, no. 24, Dec. 9, 1926, p. 963. Effect 
of manganese; forging and casting; heat 
treating. Reference-book sheet. 





METAL DRAWING 

PLASTIC BEHAVIOR OF METAL. The 
Plastic Behavior of Metal in Drawing, C. L. 
Eksergian. Am. Soc. Mech. Engrs.—Advance 
Paper, for mtg. Dec. 6-9, 1926, 35 pp., 21 
figs. Author seeks to foster development of 
analysis to drawing as aid to subsequent de- 
velopment ; outlines manner of working metal 
with reference to its state and behavior in 
comparison with that found in drawing; sur- 
vey of conditions observed in forming of 
stamping. 


METALLOGRAPHY 

NON-FERROUS., Non-Ferrous Metal- 
lography, J. 8S. G. Primrose. Foundry Trade 
Jl., vol. 33, nos. 513 and 514, June 17 and 
24, 1926, pp. 453-456 and 486-490, 26 figs. 
Results of experience in research into new 
properties, pathological investigation of fail- 
ures, and examination to ensure compliance 
with rigid specifications: apparatus and il- 
lumination ; modifications of Le Chatelier ap- 
paratus; discusses various types of micro- 
structure including brasses, bronzes, alumi- 
num, nickel and silver alloys, and copper. 
See also Metal Industry (Lond.), vol. 28, 
nos, 25 and 26, June 18 and 25, 1926, pp 
569-573 and 592-594, 24 figs. 


METALLOGRAPHY 

WELDERS, FOR. Metallography for the 
Welder, J. B. Green. Welding Engr., vol. 11, 
no. 11, Nov. 1926, pp. 29-32, 7 figs. Points 
out that familiarity with this science will 
enable welder to understand significant fea- 
tures of scientific papers on subject; points 
out in elementary way how photomicrograph 
is taken, what it represents and explains 
briefly meaning of a few of commoner techni- 
cal terms often employed. 


METALLURGY 

RAILWAY, GERMANY. Railway Metal- 
lurgy in Germany. Ry. Engr., vol. 47, no. 
562, Nov. 1926, p. 399. High-silicon steel 
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for railway springs and some 
drawbar hooks. 


The Mechanism 
of Metals, H. F. M 
vol. 


202, no. 5, 


DISRUPTIVE STRENGTH 


Ludwik. 


9, Sept. 


sents simple 
strength 
strength, 
expansion. 
HARDENING. The Harder 
Dispersed Constituents 
Solid Solutions, R. S. Archer 
Treating—tTrans., vol. 10, no 
pp. 718-747 and (discussion) 
Metals may be effectively hard 
dispersed particles within grail 
cess of hardening by this m« 
solution 
temperature 


Proceedings, 
378-398, 


flow state; 

not to be in 
author 
better 
man, Bdker 


metodi fisici 
metalli), W. Del Regno. 
8, no. 6, June, 1926, pp. 109 
that elementary structure of p 


rupture 


heat 
followed by 
region of supersaturation, ther 
tion treatment or aging to p 
of very fine precipitate -; 
hardening 
theory of process. 
LATENT HEAT OF 
Heat of Fusion of Some Metals 
and E. Griffiths. Physical § 
vol. 38, Aug. 
4 figs. Latent heats 
commoner metals have been 
termining total heat of liquid 
series of initial high temper 
for latent heat for 
muth, 
for specific 


and 


submits 


of Disruptive Strength (Bestin 
sfestigkeit aus der gleichmiissig 
Zeit. fiir Metall 
1926, pp. 269-27 
rule for calculat 
in ordinary tensile t 
contraction 


treatment at 


FLOW TENSIONS 


Schleicher. 


Mathematik u. Mechar 
pp. 199-216, 
survey of hypotheses previous! 
these are shown 

accord with act 

new hypothesis 
agreement with latest 
and Lode than 
while supplying explanation 
latter is invalid; advantages 
for difficulties which 
terials having different limiting 
PHYSICAL 
Methods of Studying Properties 
nello studio delle 


PROPERTIES 


Demonstrat 
metal fractures 
stress; in considering fatigue 
repeated stress, it becomes ne 
that ordinary formulas 
strain are strictly true only f 
actual metals are not ideal and 
formulas for stress and 
gree of precision only if la: 
grains are consick 
actual metals do not develop 
load so great as would be exp: 
puted cohesion of their atoms; 
stress their strength is still 


strain 
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examp! 
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FUSION 
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tained by differentiation of te 
heat curves. 
LIMITING 
Conditions at the Flow 
Plasticity), 
wandte 
June 1926, 


Limits 


arise wit! 


Nuov 





S Ca 
ctricl 
ns Wl 
perat 

YSICAI 
Eng 
no 

Deals \ 

ASTIC 
n of 


MOLDS 
INGOT. 
stry (Le 
pp 51 
carrie 
g tops 
is Ca 
it Hi 
ce cor 


NEEDLES 


MANUFAC 


NICKEL 
MAGNETI 


en the PI 
Magnetic H. 
P lismus 
Magnetostrik 
teresis in ! 
S now gy 
1 RQ 19 
0.5 1 
passed 
g ind 
s fi 
ime 
8 nelud 
) I 

a 


PHYSICA 

f Ni 

I nal 
Applicat 

s phvsie; 

n st 


NON-FER 
NDUSTR 
Met Dis 


( 
i 
uel 


ENGINEERING INDEX 14] 


s can be determined by X-rays; but 
etricity and thermal and thermionic 
ns will play an important part in 
nerature research. 
YSICAL PROPERTIES. Physical Prop 
Engineering Materials. Power Engr., 
no. 248, Nov. 1926, pp. 426-428, 2 
leals with tin and nickel. 
\STIC DEFORMATION. Plastic De- 
n of Metals, J. T. Norton and B. E. 
Am. Inst. Min. & Met. Engrs. 
1610-E, Dec. 1926, 17 pp., 20 
Notes of Nature and results of plastic 
on produced in cold working of 
plastic deformation in face-centered 
etal takes place by slip; many pro 
nvolved in cold working of metal give 
same effects as those which occur by 
cesses of elongation and directional 


MOLDS 
INGOT Electric Hot Top Ingots. Metal 
ry (Lond.), vol. 29, no. 22, Nov. 26, 
pp. 515-516, 1 fig. Account of experi- 
earried out using electrical method of 
tops of ingots of nickel and monel 
cast in International Nickel Co.’s 
it Huntington; casting and feeding; 
le consumption 


NEEDLES 

MANUFACTURE. Development of Needle 
! E. R. Miner. Wire, vol. 1, no. 8, 
1926, pp. 267-269 and 284-285, 5 figs. 
f cutting, straightening, pointing, 

ng, punching, tempering and scouring. 


f 


NICKEL 


MAGNETIC HYSTERESIS. Parallelism be- 
n the Phenomena of Magnetostriction and 


Hysteresis in Nickel (Ueber den 
ismus zwischen den Erscheinungen der 
striktion und der magnetischen Hys- 
in Nickel), B. Wwedensky and J. 

Zeit. fiir Physik, vol. 38, no. 3, 

1926, p. 202-214, 10 figs. Nickel 
.5 mm. diameter was suspended from 
issed through vertical core of electro- 

ind stretched by a weight; striction 
s function of applied tensile stress 
ne course as hysteresis curves, and 
ided that thev are related; there is 
parallelism between magnetostric- 
magnetization, remanence, coercive 


} 


] 


NICKEL STEEL 
PHYSICAL PROPERTIES Physical Prop- 
Nickel and Nickel-Chromium Steels. 
nal Nickel Co. Nickel Steel Data 
cations, no, 9, 16 pp., 14 figs. Pre- 
sical properties of nickel and nickel- 
steels by means of average curves 
s of maximum and minimum values 
to provide reliable data which 
is basis for engineering calcula- 


} 


NON-FERROUS METALS 
NDUSTRIAL UTILIZATION. Non-Ferrous 
M Die moderne Forschung auf dem 
ler Nichteisenmetalle, insbesondere 
htmetalle), A. Petersen. Zeit. fiir 
Chemie, vol. 39, no. 40, Oct. 7, 
1170-1171 Review of progress in 
itilization of light metals: in ad- 
luminum and magnesium, lithium 
found very useful for increasing 


strength of other metals; 
its alloys are particularly 
tive field. 

PROPERTIES. Metals and Their Proper 
ties, T. Newton. Sheet Metal Worker, vol 
17, no. 22, Dec. 3, 1926, pp. 876-877. In 
formation on composition and characteristics 
of non-ferrous alloys, including pewter, Ger 
man silver, phosphor-tin, also hard solders 
and brazing spelters. 

REFINING. The Chemist in 
Metal Refining, F. C. Robinson. Chem. Age, 
vol. 15, no. 387, Nov. 27, 1926, pp. 518-519 
Deals with position of chemist in non-ferrous 
metallurgical industries. (Abstract) Streat 
feild Memorial Lecture. 


aluminum = and 
useful in automo- 


Non-Ferrous 


OPEN-HEARTH FURNACES 

FORD PLANT, DETROIT Ford Open 
Hearth Plant Unique, F. L. Prentiss. Iron 
Age, vol. 118, no. 23, Dec. 2, 1926, pp. 1539 
1545, 13 figs. New open-hearth unit at Ford 
plant contains number of interesting fea 
tures, both in arrangement and practice, in 
cluding small size of ingots made, method 
of pouring and stripping ingots, way slag is 
handled and arrangement of stockyard, which 
is on ground level, or same level as pouring 
side, instead of having usual high line on 
which scrap is brought in on tracks on level 
with charging side; there are four 100-ton 
basic furnaces of tilting type. 

HEAT BALANCE. Representation of Heat 
Balances with Regard to Heat-Drop Coefficient 
(Die Darstellung von Wirmebilanzen untet 
Beriicksichtigung des Wiirmegefiillewertes), 
H. Bansen. Stahl u. Eisen, vol. 46, no. 45, 
Nov. 11, 1926, pp. 1558-1560, 2 figs. Disad 
vantages of method heretofore employed; de 
scribes new arrangement of Sankey diagram 
and points out its advantages; example of 
application to open-hearth furnaces. 

PROCESSES The Open-Hearth 
H. M. Boylston. Fuels and Furnaces, vol. 4, 
no. 12, Dec. 1926, pp. 1423-1432, 6 figs 
Acid and basie open-hearth processes; charge, 
fuels, melt, tap slag, etce.; equipment; vari 
ous processes for making steel; recent im 
provements in furnace design. 


Process, 


OXYACETYLENE WELDING 
AUTOMOBILE-ENGINE CYLINDERS. The 
Welding of Cast Iron Internal Combustion 
Engine Cylinders, H. A. Horn. Am. Soc. 
Naval Engrs.—JI1., vol. 38, no. 4, Nov. 1926, 
pp. 904-911, 6 figs. Deals with welding of 
automobile-engine cylinders; enumerates prin- 
cipal casualties to automobile cylinders and 
methods of repairing them by oxyacetylens 
welding. Translated from German, 
BRONZE WELDING. Bronze-Welding 
Foundry Flasks. Oxy-Acetvlene Tips, vol. 5, 
no. 5, Dec. 1926, pp. 84-86, 5 figs. Leading 
foundry saves $60,000 annually by this 
method of reclamation 
DEVELOPMENTS. Oxy-Acetylene 
and Cutting, C. S. Milne. Machy 
nos. 1338, 1334, 1335, 18336 and 


21, 28, June 4, 11 and Julv 2, 
25-26, 21-22, 


Welding 
Market, 
1839, May 
1926, pp 
23-24, 21-22 and 23-24, 27 figs 
Review of present position. Paper read be 
fore Brit. Acetvlene & Welding Assn. 

MANUFACTURING BASIS. Welding on a 
Manufacturing Basis, Machy. (Lond.), vol 
29, no. 735, Nov. 11, 1926, pp. 174-176, 6 
fig:. Costing of oxvacetylene welding: esti 
mating and rate fixing; testing of welded 
work; hints concerning running and. super 
vision of welding department 
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ROOF TRUSSES. Tests of Welded Trusses 
and a New Truss Joint, H. H. Moss. Eng. 
News-Rec., vol. 97, no. 18, Oct. 28, 1926, pp. 
712-713, 3 figs. Roof trusses 40 feet in span 
and 10 feet deep using new insert plate joint 
tested under three times design load; results 
of tests conducted at Buffalo shops of Linde 
Air Products Co. 

SINGLE-VEE WELDS. Ultimate Strength 
of Single Vee Welds, E. E. Thum, Am. 
Welding Soc.—Jl., vol. 5, no. 11, Nov. 1926, 
pp. 23-26, 2 figs. Results of tests made by 
Union Carbide and Carbon Research Labora- 
tories, showing measure of reliability of oxy- 
acetylene welding when done by men selected 
with reasonable care, and working under 
principles of procedure control. 


PYROMETERS 

Optical. Measuring High Temperatures and 
the Improved Filament Pyrometer (Die Mes- 
sung hoher Temperaturen und das verbesserte 
elektrische Gliihfaden-Pyrometer), M. Foer- 
ster. Wirme-u. Kilte-Technik, vol. 28, no. 
22, Nov. 8, 1926, pp. 259-262, 8 figs. Dis- 
cusses development of optical radiation pyro- 
mieters ; describes Halborn-Kurlbaum, Fery and 
Siemens types; measuring temperatures of up 
to 2000-3000 deg. Cent. 


RAILS 

JOINTS, WELDED. A New Rail Joint, 
W. Spraragen. Am. Welding Soc.—Jl., vol. 
5, no. 11, Nov. 1926, pp. 8-9, 1 fig. Author 
describes new form of joint particularly 
adapted to metal are welding; it is really 
nothing more than straight butt joint made 
in rail without addition of fishplates and with 
or without addition of baseplate to give ad- 
ditional strength. 

JOINTS, WELDED. Rail Joints and Ther- 
mit Welding (Gleiswirtschaft, Schienenstoss- 
frage und Thermitschweissung), R. Hanker. 
Zeit. des Oster. Ingenieur- u. Architekten- 
Vereines, vol. 78, nos. 43-44 and 45-46, Oct. 
29, and Nov. 12, 1926, pp. 433-437 and 447- 
451, 16 figs. Describes thermit welding pro- 
cess by Elektro-Thermit Co. of Berlin, in 
which one part aluminum and three parts 
iron oxide are used, producing temperature of 
about 3000 deg. Cent.; details of apparatus 
used; advantages and disadvantages, 


ROLLING MILLS 


BAR MILLS. Inspection Trip Cambria 
Works—Bethlehem Steel Company, Johnstown, 
Pennsylvania. Iron & Steel Engr., vol. 3, 
no. 9, Sept. 1926, pp. 422-426, 11 figs. Four 
new bar mills acknowledged to be among 
most modern rolling mills of present day and 
representing latest developments in mechani- 
cal, combustion, safety and electrical arts. 

BAR MILLS. New Rolling Mills—Gautier 
Plant, Cambria Works, Bethlehem Steel Co., 
Johnstown, Pa., R. H. Stevens. Iron & Steel 
Engr., vol. 3, no. 10, Oct. 1926, pp. 446-452, 
1 fig. Four new bar mills have been installed 
and power house for furnishing additional 
electric current for same; new mills were de- 
signed for use of approximately 30 ft. billets; 
14-in. mill is designed to roll channels, 
beams, angles, automobile rim sections, light 
rails and flats; 13-in. mill is used for rolling 
rounds, squares, flats and concrete bars in 
larger sizes; 10-in. mill is more of tonnage 
unit; 9-in mill is jobbing unit designed to 
roll miscellaneous shapes. 

BLOOMING MILLS. 


Continuous 42-In. 
Blooming Mill. 


Iron Age, vol. 118, no, 24, 





Dec. 9, 1926, 


produce 

housings and 
ELECTRIC 

Manufacture, 


tons 
manipulators, 
DRIVE. 
Elec. 


100,000 


TRANSACTIONS OF THE A. 8. 8. T. Ji 


pp. 1621-1625 and 167) 
Ford plant, using 1500-Ib. ingots, ex; 


per month 


Electricity 
Engr. Australia 


Zealand, vol. 3, no. 7, Oct. 15, 1926, 


250, 1 fig. 


Details of electrical equi, 


Victoria Iron Rolling Co. in Austral 
is melted and refined in 7-ton elect: 
furnace of Heroult type, which has 
heats up to 10 tons; forgings up 
tons weight are made on 500-ton Davy 
hydraulic press; there are two rollin 
for manufacturing bar, rod and spe 
tions; mill is driven by 1000-hp. Met: 


Vickers 
motor, 


6600-volt, 


three-phase 


ELECTRIC DRIVE. Rolling Mill | 


cation. 


costs. 


HOT ROLLING. 


Hot 


Brenier. 


Elecn., vol. 
1926, p. 616, 1 fig. tr 
tional practice; speed-control arrangemer 
easy and rapid reversal possible; low 


97, no. 


2530, N 
Break away fron 


Recent Improvemer 


and wire mills, ete.; their operation ; 


aries, 
I-BEAMS. 


D 


Rolling Mills (Les récents pert 
nements apportés aux laminoirs a chaud 
Technique Moderne, vol. 18, : 
Oct. 1, 1926, pp. 577-585, 37 figs. 
recent progress in blooming mills tv and 
three-high mills; merchant, iron-sheet rolling 





~% 
; 


1ux 


the Flow of Material in the Rolling 


Beams 


(Experimentelle Untersuchungen 


Experimental Investigations on 
f | 


Materialflusses beim Walzéen von Triigern), 


Metz. 


18, 1926, Pp. 1577-1582, 36 figs. partly 


supp. plates, 


visible; by inserting screws in different 


of material to be rolled, 
follow movement of material in 


it is poss 


+} 


opel 


Method of making deformat 


N 


Stahl u. Eisen, vol. 46, no. 46, Noy 


parts 


closed passes; results afford explanation for 
high pressure and power required in 
of beams, as compared with flat iron 

INGOT-HANDLING EQUIPMENT. 
Mill Ingot Handling Equipment, P. McShane 
Elec. Jl., vol. 23, no. 11, Nov. 1926, p; 


561, 1 fig. 


Deals with that portion 


ment which is subject to considerab! 
tion in form and arrangement. 


LUBRICATION. 


pp. 1344-1346, 


2 figs. 


New Methods of 
cating Steel-Mill Machinery, C. H. B 
Mech. Eng., vol. 48, no. lla, Mid-Nov 
Requirem: 
lubricating oils; characteristics of lul 


} 
, ne 
iD 


steel 


4 


f equi 


Lubri 


suitable for gears and journals; gravity 


pressure-type lubricating 


systems; | 


which oil should be supplied, etc. 


MERCHANT MILL. 
Merchant Mill, J. D. Knox. 


Schedules 


Iron Trad 


ites 


10-Ir 
Rev 


vol. 79, no. 21, Nov. 18, 1926, pp. 1297 


and 1304, 4 figs. 


‘ 


Mill built by Morgan Con 


struction Co. is designed to roll rounds fron 
% in. to 1 in. or equivalent sizes of squares 
and flats, and strip from % in. to 2% 
wide with minimum thickness of 0 


installed in plant of Corrigan, McKinn: 


Co., Cleveland. 


MOTOR CONTROL. Full Reverse A 
Speed Mill Controller, E. G. Peterson 
& Steel Engr., vol. 3, no. 11, Nov. 19 
481-482, 4 figs. Describes contro] pan 


{ 


with motors driving sliding frame sa 
modern steel mill, rolling large shapes 
as I-beams, channels, ete.; controllers «! 


ranged to provide automatic current-li 
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by means of three-phase series re- 
cted in motor secondary. 


SNES! PHURIZATION, Desulphurization, 
ry. Am, Soc, Steel Treat.—Trans., 
6, Dec. 1926, pp. 906-936 and 
936-940. Discusses slags, fluxes 
Iphurizers; fluxes have definite lines 
ide them into classes which produce 
r slags; (2) proper slags combined 
ent desulphurization; and (3) im- 
igs; account of experiences, results 
isions which may be of interest and 
future investigators. 


STEEL 
CRYSTALLIZATION. Dendritic Crystalli- 
i Grain Formation in Steels, V. N. 
Am. Soc. Steel Treating—Trans., 
no. 5, Nov. 1926, pp. 758-781, 27 
s secondary transformations which 
in steels in solid state; discusses 
accepted ideas of mechanism of 
ration; concludes that dendritic segre- 
not sole cause of defective steel 
unced dendritic structure is not 
cause for rejection of steel; by 
photomicrographs, author shows mi- 
of dendritic branches found in 
lifferent composition and non-metal- 
sions ordinarily found in steels and 
nd in steels of large and well-devel 
ndritie structures; results of various 
ments, quenching, heating and cool- 
g microstructure. 
CYANIDE BRITTLENESS, Cyanide Brit- 
tler \. E. Hillman and E,. D. Clark. Am. 
Steel Treat.—Trans., vol. 10, no. 6, 
l pp. 954-962 and (discussion) 962 
gs. Points out that popular mis- 
in reference to brittleness of core 
lispelled; discussion of mechanism 
with case intact and case removed ; 
nvestigation by curves and photo- 
gi vidence. 
EMBRITTLEMENT. Embrittlement of 
t \. G. Christie. Mech. Eng., vol. 48, 
Mid-Nov. 1926, pp. 1368-1372. Re- 
nvestigations and opinions on em- 
of steel used in boilers; progress 
Sub-Committee no. 6 of Joint Re- 
Committee on Boiler Feedwater 


f 


e 


GAGES, WEAR OF. 
‘articular Reference to Plug Gages, H. J. 


Wear of Steels with 


ind H. K. Herschman. Am. Soc. 
lreating—Trans., vol. 10, no. 5, Nov. 
683-712 and (discussion) 713-717 

10 figs. New gage wear-testing ma- 
lescribed and results obtained by its 
cussed for wet sliding friction of 
metal and wear by abrasives; com- 
service-wear tests at different 
results obtained in laboratory 
wear tester; data presented to 
it file hardness is not a criterion of 
resistance of gages; chromium- 
gages are likewise compared with 
from heat-treated steels of cus- 


HARDENING. 


tl 


The Hardening of Steel 
_Hirtung des Stahles), H. Hane- 
hl u. Eisen, vol. 46, no. 46, Nov. 
pp. 1585-1587, 1 fig. Compares 
irdening theory with Hanemann- 
theory; difference between the two 


conception of position of carbon 
nartensite. 


inn, St 


~ 


HIGH-CARBON. The Construction of Steel 
and Cast Iron, F. T. Sisco. Am. Soc. Steel 
Treating—tTrans., vol. 10, no. 5, Nov. 1926, 
pp. 800-813, 3 figs. Deals with structure of 
high-carbon steels, and structural changes in 
these steels when they are heated and cooled 
through transformation ranges; methods for 
calculation of amount of various structural 
constituents present in hypoeutectoid, eutec 
toid, and hypereutectoid steels. 

PERMANENT MAGNETS, FOR. The Mag 
netic Stability of Permanent Magnets, R. C. 
Gray. London, Edinburgh and Dublin Philo 
sophical Mag., vol. 2, no. 9, Sept. 1926, pp. 
521-529, 7 figs. Process of aging, either by 
heat treatment, vibration, or partial demag 
netization, or by all of these, represents at 
tempt to bring magnet into its final stable 
state in few hours instead of months; author 
gives effect of each of these treatments on 
magnetic stability of magnet. 

SEGREGATION. Controlling Segregation 
in Steel, H. D. Hibbard. Iron Age, vol. 118, 
no. 28, Dec. 2, 1926, pp. 1546-1547. Main 
factors to be considered; segregation defined 
nd its progress described in killed, partly 
killed, and rimming steel. 

TEMPER BRITTLENESS. Temper Brittle 
ness of Steels (La fragilité de revenu des 
aciers), L. Guillet and M. Ballay. Revue de 
Métallurgie, vol. 23, nos. 9 and 10, Sept. and 
Oct. 1926, pp. 507-520 and 605-617, 21 figs 
Concludes that chemical analysis does not in 
dicate with exactitude degree of susceptibility 
of metal to temper brittleness, but investiga 
tion shows that in nearly all cases it is pos 
sible to prevent temper brittleness by a sim 
ple treatment even if a susceptible steel is 
employed; after a steel has become brittle, 
regeneration can be effected by heating above 
600 deg. Cent. and cooling rapidly; theories 
of temper brittleness. Bibliography. 


STEEL CASTINGS 

FATIGUE STRENGTH. Tests of the Fa 
tigue Strength of Cast Steel, H. F. Moore. 
Univ. of Illinois Bul., vol. 23, no. 44, July 6, 
1926, pp. 5-20, 37 figs. Chemical composi 
tion and heat treatment of steels; test speci- 
mens and methods of testing; test data and 
results; report of investigation conducted by 
Engineering Experiment Station of University 
of Illinois in codperation with American Steel 
Foundries. 

MACHINE TOOLS, FOR. Lighter Metal 
for Machine Tools, J. W. Bolton. Iron Age, 
vol. 118, no. 24, Dec. 9, 1926, pp. 1615-1618, 
5 figs. Discusses what can be done to help 
quality of tool by raising physical standards 
of casting; advocates use of steel and alloy 
steel; suggests that use of fine-grained iron 
of nearly pearlitic matrix is ideal material 
for machine-tool construction. 


STEEL, HEAT TREATMENT OF 
ANNEALING. The Transformations in 
Hardened Stee] Due to Annealing (Die Um 
wandlungen des gehfirteten Stahles beim An- 
lassen), H. Hanemann and L. Traeger. Stahl 
u. Eisen, vol. 46, no. 44, Nov. 4, 1926, pp. 
1508-1514, 9 figs. Points out that annealing 
temperature of only 100 deg. has a decided 
influence on hardened steel; when annealed 
for duration of 14 hours, hardness of a carbon 
steel is completely changed by heat of boiling 
water; for tool steel, annealing temperature 
of 200 to 300 deg. is customary; if it is de 
sired to make a hardened steel volumetrically 
constant for temperatures above 280 deg., an 
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annealing temperature of 400 deg. is neces- 
Sary. 

CHAINS. Heat Treatment of Chains. 
Mech. World, vol. 80, no. 2079, Nov. 5, 1926, 
p. 363. Object is removal or partial removal 
of hardening and embrittlement produced by 
strains and shocks to which chains are sub- 
jected in practice; studies effect of low-tem- 
perature annealing, (650 to 760 deg. Cent.), 
and normalizing, upon mechanical properties 
of chains which have been subjected to vary- 
ing degrees of plastic strain. 

ELECTRIC. Electric Heat Treatment of 
Steel, N. P. Barfield. Elecn., vol. 97, no. 
2530, Nov. 26, 1926, pp. 614-615, 3 figs. 
Improvements in furnaces; classification of 
equipment; automatic temperature control 

FACTS AND PRINCIPLES. Facts and 
Principles Concerning Steel and Heat Treat- 
ment, H. B. Knowlton. Am. Soc. Steel Treat. 

Trans., vol. 10, no. 6, Dec. 1926, pp. 971- 
985, 4 figs. Properties and uses of alloy 
steels other than tool steels, in general; dis- 
cussion of various types of nickel steels. 

MECHANICAL PROPERTIES, INFLU- 
ENCE ON. The Effects of Heat Treatments 
Upon the Mechanical Properties of Steels, F. 
W. Duesing. Mech. World, vol. 80, no. 2078, 
Oct. 29, 1926, p. 345. Results of tests car- 
ried out by author on eight qualities of mild 
steel. Brief abstract translated from German. 

OIL-WELL SUCKER RODS. Heat Treat- 
ment as Now Applied to Sucker-Rods. Pe- 
troleum Times, vol. 16, no. 411, Nov. 27, 
1926, p. 950. Special method of treatment 
used by D. & B. Pump & Supply Co., as re- 
sult of which weak, pure-iron constituent has 
been very largely eliminated from steel, there- 
by lessening tendency to fatigue failure and 
ultimate strength of steel has been greatly 
increased, but without any increase in brittle- 
ness. 


STEEL, HIGH-SPEED 

CHARACTERISTICS. Characteristics of 
Alloy Steels—High-Speed Steel. Am. Mach., 
vol. 65, no. 23, Dec. 2, 1926, p. 921. AS. 
T.M. standard permissible variations in com- 
position of high-speed steel; standard toler- 
ances in dimensions of high-speed steel stock. 
Reference-book sheet. 


STEEL INDUSTRY 

ELECTRICAL HAZARDS. Electrical Haz- 
ards in the Steel Industry, F. W. Cramer. 
Iron & Steel Engr., vol. 3, no. 11, Nov. 1926, 
pp. 463-465. Calls attention to electrical 
hazards and means of eliminating them. 


spper MANUFACTURE 

SSSEMER PROCESS. The Bessemer Pro- 
cess, H. M. Boylston. Fuels & Furnaces, vol. 
4, no. 11, Nov. 1926, pp. 1299-1306, 6 figs. 
Describes acid and basic processes and chemi- 
cal reactions involved; design, construction 
and operation of converter and mixers; relin- 
ing of converters and replacing bottoms. Ab- 
stract of study from author’s treatise on Iron 
and Steel. 

IMPROVEMENT OF METHODS. The 
Quality of Steel and Its Relations to Pro- 
duction Method (Ueber Stahlqualititen und 
ihre Beziehungen zu den Herstellverfahren), 
P. Goerens. Zeit. des Vereines deutscher 
Ingenieure, vol. 70, nos. 33, 34 and 36, Aug. 
14, 21 and Sept. 4, 1926, pp. 1093-1099, 
1129-1186 and 1194-1198, 31 figs. What is 
understood by quality; non-metallic inclu- 
sions in steel, their detection and _ signifi- 
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Z. 


cance; present methods of mar 
steel, their advantages and disa 
prospects of improving methods; 
close cojperation between consume: 
ducers. 


STEEL WORKS 

RENEWAL PARTS. Renewal 
Renewal Part Records, W. S. § 
and Steel Engr., vol. 3, no. 11, N 
pp. 466-470, 10 figs. In order 
serve industrial plants with renew 


quirements it is necessary that m facturer 


be ready at any time to furnish 
or manufacture part that is re 
newal-part record that is most 
industrial plants is system which d 
volve excessive number of cards a1 
time is complete in every respect 
that each and every part can b 
identified; card system to be used 
room. 


STRUCTURAL STEEL 
BRIDGES, FOR. Experiences with 


Grade Steel St 48 and Silicon Bridg Gs 
(Erfahrungen mit hochwertigem B 


48 und _ Silizium-Briickenstahle), MM. k 
merell. Bautechnik, vol. 4, no. 46, Oct 
1926, pp. 686-688. Discusses ex; 
yerman Railway Co. with St 48, St 
steels, cost data, weights, strengths 

etc. 

HIGH-SILICON. The Properties of § 
Rich Structural Steel (Die Eigenschafter 
hochsilizierten Baustahls), E. H. Sel 
H. Buchholtz. Giesserei-Zeitung, vol. 23, 1 
22, Nov. 15, 1926, pp. 615-622, 18 figs 
creasing yield point for rolled materia 
silicon addition of about 1 per cent; 
tion of strength properties to chemi 
sition; favorable influence of a higher s 
content on strength of steel castings; 
ing at higher temperature than wit! 
carbon steel. 

HIGH-TENSILE HEAT-TREATED. Use 
High Tensile Heat-Treated Steel, D. B. St 
man and W. G. Grove. Boston § 
Engrs.—J1]., vol. 18, no. 9, Nov. 192¢ 





379, 22 figs. Describes high-tensile he 


treated steel eyebars, being applied in F! 
anopolis bridge in State of Santa Catharir 
South America; material used is car! 


but per cent of carbon is somewhat hig! 
than carbon content in 30,000-lb. per sq 


elastic-limit grade commonly used 
tural purposes; steel is manufactur 


rolled in larger eyebar sizes; bars are plac 
in heat-treating furnaces and subjected | 


temperatures necessary to produce 
limits and ultimate strengths of 
amount; they are then quenched, 
treated and allowed to cool slow! 


TOOL STEEL 
NON-DEFORMING. The Nature of | 
Hardening Non-Deforming Tool Steels, ! 


Bain and M. A. Grossmann. Am. § Ste 


Treat.—Trans., vol. 10, no. 6, Dec. 192 


883-895 and (discussion) 896-897, 9 fis 


Fundamental characteristics of 
type of tool steels; data were obtail 


measurements of hardness, impact, strengt®, 


change of dimension, and determinat 


X-ray crystal structure; deductions are d aw 
as to’ preservation and subsequent cestruct! 
of austenite and this phenomenon is corre! 


with practical behavior of steel in its va! 


nSseEs 
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RTIES. Tool Steel (Werkzeug 
Schiifer. Wiirme, vol. 49, nos. 38 
Sept. 17 and 24, 1926, pp. 669-675 
» 39 figs. History of develop 
ture formation of iron and steel 
to carbon content; critical tem- 
change of structure with rising or 


solution; harden- 
el; examples of hardened tools; 
- surface characteristics of 
‘duets with regard to their stresses; 
i high-speed tool steel. 


perature; solid 
") 
stresses 


ess ; 


WELDING 
AIR 


RAFT CONSTRUCTION, Tests in 
n with Gas and Metal Are Welding 
i to Aircraft Construction, H. B. 

Am. Soe. Naval Engrs.—Jl., vol. 38, 

N 1926, pp. 879-892, 7 figs. Re 


sts conducted by Norfolk Navy Yard 
thermal effect of gas and metal 
ng as indicated by tensile and bend 
n material; thermal effect on vari- 
of material; distribution of tension 
naterial; effect of symmetrical de- 
weld metal on tubing; effect of an- 
gas and metal are welded tubing; 
metal which can be satisfac- 
are welded, etc. 
AFT CONSTRUCTION. 
f Metallic Materials 
S. Daniels. Mech. Eng., vol. 48, 
Mid-Nov. 1926, pp. 1240-1246, 6 
lding is primarily resorted to where 
part of main airplane structure ; 
technical methods of welding, and 
that oxyacetylene welding has suc- 
experimental stage, while 


gage 
. 


tal 
The Fusion- 
Aircraft Con- 


passt d 


ire welding has not reached anything 


degree of development; gas weld- 
ularly in fuselage construction, has 
ed not only to plain-carbon tubing, 
y-steel tubing, particularly chrom 
bdenum; specifications and methods 
ling aluminum and aluminum alloys 
n; brazing mainly employed in 
with manufacture of fittings and 
ed upon for structural connections, 
lering is only used for such parts 
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The abbreviations Geological (Geol.) 
ndexing areas follows: Mining (Min.) 
y (Acad.) Heating (Heat.) 
n (Am.) Industrial (Indus.) 
1 (Assoc. ) Institute (Inst.) 
n (Assn. ) Instituticn (Instn.) 
Bul.) International (Int.) 
sur.) Journal (J].) 
(Can.) London (Lond.) 


1r Chemistry (Chem.) 
r Electric (Elec.) 


(Elecn.) Magazine (Mag.) 
r (Engr.[s]) Marine (Mar.) 
ring (Eng.) Materials (Matls.) 
(Gaz.) Mechanical (Mech.) 
Gen.) 


ENGINEERING INDEX 


Machinery (Machy.) 
Machinist (Mach.) 


Metallurgical ( Met.) 







as gasoline lines and wrapped terminals 

FORD SHOPS. Advance in Ford Welding 
Practice. Am. Welding Soc.—.Jl., vol. 5, no 
11, Nov. 1926, pp. 14-17, 2 figs. Welding is 
employed in four major forms; these, in or 
der of their importance in Ford industries, 
are spot welding, butt welding, oxyacetylene 
welding and are welding 


WELDING 
RAILWAY 


PRACTICE. Autogenous§ and 
Electric Fusion Welding in Railway Upkeep 
(Die autogene und elektrische Schmelzschweis 
sung in der Bahnunterhaltung), M. Perzl. 
Organ fiir die Fortschritte des Eisenbahn 
wesens, vol. 81, no. 19, Oct. 15, 1926, pp 
381-386, 5 figs. Discusses welding of broken 
tools and implements; castings, hardware, 


fittings; permanent way, tracks and general 
repair work; welding in place of riveting; 
metal cutting, ete. 
WIRE 

STEEL. The Manufacture of Iron and 
Steel Wire in Germany. Wire, vol. 1, nos. 1, 
2, 3, 4 and 6, May, June, July, Aug. and Oct 


1926, pp. 58-59, 87-88 and 105 


; 118-119 and 


136; 194-195 and 212, 15 figs. Translation 
of article by H. Altpeter published in Stahl 
u. Eisen, Apr. 16 and 23, 1925. See refer 
ence to original article in Eng. Index 1925, 
p. 785. 
WIRE DRAWING 

STEEL. Drawing Steel (Le tréfilage de 
l’acier), R. Galmard. Technique Moderne, 
vol. 18, no. 20, Oct. 15, 1926, pp. 614-622, 
20 figs. Discusses fundamental phenomena, 


annealing, hammer hardening, drawing; draw 
ing mills and their equipment, single and 
multiple drawing; automatic machinery, aux 
iliaries, ete. 


WIRE ROPE 

MANUFACTURE. Modern Wire Rope 
Manufacture in Germany, E. Trebesius. Wire, 
vol. 1, no. 8, Dec. 1926, pp. 274-275, 4 figs 
Review of development; application of cast 
steel to rope manufacture. Translated from 


German. 
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News of the Chapters 


BOSTON CHAPTER 









HE Boston Chapter held their December inspection at the plant 
Hunt-Spiller Manufacturing Corporation, manufacturers of gun 
ings for frictional parts of locomotives and Diesel engines, and of brake drums 
for busses and trucks. Among the departments visited were the coa! pulyer 
izing plant; the iron foundry employing air furnaces burning pulve: 
and under constant temperature control with optical pyrometers; 
room and the finish machining departments. Opportunity was al; 















to visit the chemical and physical testing laboratories, including a laboraton 
devoted entirely to molding sand control and research. 

Through the courtesy of J. R. Faden of the Edison Electric Lluminati 
(Company, the facilities of the Edison Service Buildings in Roxbury we: 
at the disposal of the chapter and seventy members and guests en 
excellent turkey supper. 

Following the secretary’s report, R. F. Harrington, metallurgis' 
Hunt-Spiller Manufacturing Corporation, under whose direction the after 







trip was conducted, gave a brief history of his Company and a descriptior 
of some of their products. Mr. Harrington said in part:— 

‘*Among the great industries of New England, the manufactur 
was the first to receive attention. Iron ore in considerable quantities was 
known to exist within the territory of the Massachusetts Bay Colony and 
early as 1629 some steps appear to have been taken toward the manufacture 
of iron by the Court of Assistants in London, under whose patronage th: 
was founded. During the next ten years deposits of bog ore were | 
numerous ponds in Plymouth Colony and in 1652 iron manufacture was begu 
in Raynham, The ‘‘Old Colony’’ was known as the main seat of this in 
dustry in New England, out of which grew a concern which was later to becom 
one of the principal manufacturers of cannon for the United States Govern 
ment. This concern was known as the Algers Foundry and was founded in 
1810, being later incorporated under the laws of Massachusetts in 1827 as thi 
South Boston Iron Foundry. 

**During the war of 1812 Cyrus Alger, who had specialized in ordnance 
work, produced large quantities of cannon balls for the Government. Mr. 
Alger had discovered a way to purify cast iron which gave it strength, nearly 
threefold that of ordinary iron castings, which proved to be of immense value 
to manufacturers of cannon and heavy artillery. 

‘*The Company known as the South Boston Iron Foundry began the manu 
facture of heavy ordnance in the year 1828. Guns of large caliber were made 
at this time, the process consisting primarily of melting the original metal ™ 
a reverberatory furnace known as an ‘‘air furnace’’, allowing the metal ' 
remain in fusion for an extended period of time, or casting and remelting the 
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such a time as the refining action gave the metal the desired phy- 
rties, Which were measured to a great extent by the increased 
tained. Here, under the direction of Mr. Alger in 1834, the first 













iron gun ever made in the United States was produced. 


1842, the Columbiad, then by far the largest gun cast, was turned 
Government by the South Boston Iron Works, and a report to the 
) Roard of the War Department said that the cannon furnished by 
ss pany afforded the most favorable results and that the quality of the 
s unsurpassed. The gun was of 12 inch caliber and had a range of 
, 1 two miles. 

. report to the Ordnance Department on April 2, 1844, Major Wade 
ted States Army, shows some of Mr. Alger’s work in making tests 
¢ the melted iron for different periods of time, which were carried 

Aleers Plant. Some of the results obtained were as follows: 















asting, made as sOon as pig was melted ........ 6506 pounds 
Second casting, Iron in fusion 1 hour ................ 7316 pounds 
[hird casting, Iron in fusion 2 hours ................ 8256 pounds 
th casting, Iron in fusion 3 hours ............... 8378 pounds 













above shows a gradual and positive increase of strength as the 
ron is continued in fusion for longer periods of time. The reports also con- 
the high temperature makes for soundness and greater strength and 
vo on to say that, although the transverse strength is that most generally 
when the quality of different metals is compared, it is believed that 
‘urate measure may be found in the tensile strength. Some of the 
gures in this connection are interesting: 






Tenacity 







Density Pounds 

Guns east prior to 1841 ....... 7.148 23,636 
Guns Gast ti BGG. ....5.5.56.. FE 37,774 
Columbiad, cast 1851 .... 7.304 45,970 










| 


he first of the large cannon of 10,11 and 12-inch caliber, for the United 
States Government, were cast by order of the Government at the South Boston 
Works under the direction of Mr. Alger, the latter selecting his own 

ud using his own process. One of the guns, 11-inch caliber, carrying 

of 170 pounds, or a shell of 135 pounds, was first fired 655 times 

rmer projectile and 1306 times with the latter, an enormous endur- 

1959 rounds before it failed, far exceeding any record of the Ordnance 









trom this or any other country. This process was thenceforth used 
for gun castings, and hence the metallurgical term ‘‘ gun castings’’ 





the South Boston Iron Works was said to be the principal builder 
‘nance, there were engaged in the casting of heavy guns between 
‘0 and 1850, two other companies, namely the Fort Pitt Foundry 
ind the West Point Foundry at Cold Springs, New York. It is 
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interesting to note that at about this time there was developed 
Jefferson Rodman, a West Point graduate and an ordnance offic 
of casting the guns hollow around a water cooled arbor, which 
tionize the casting of guns. Dr. Richard Moldenke states that | 
and 1877 there were no less than 272 Rodman guns, of which 103 
in caliber and weighed 50,000 pounds each, produced at the § 
Works. 

‘When the war broke out in 1861 it was necessary to mak ined 


en . . ‘he au 
additions to the plant and to undertake the construction of cann eatio 


. . er we 
larger bore than had been made. A new foundry was built and eq 


. ° > - : onvent 
three air furnaces, each of 45-ton capacity, and a large numbe: _— 

. . - . er ( 
guns weighing 50,000 pounds per gun, were cast. Following th "? 
guns were produced weighting 80-tons as cast and 45-tons finish; 


the last contracts for the Government was for a gun which invol\ 


dah 
ened to 


A , . : . - \n int 
of metal as east, was 30 feet in length and weighed 54-tons when 


‘*The qualities which caused the adoption of this iron for 


ment of ordnance, induced its adoption by the railroads. Originally only q | Thursd 


railroads in New England used Hunt-Spiller gun iron in their frictional parts t the City 
but in recent years its advantages have become so generally accepted that 1 During 
roads throughout the country have adopted it as part of their standard « yuiy ‘layers in 
ment. During the year 1917 Hunt-Spiller gun iron was specified and Before 

nairmn 
ciety. T 


emistry ft 


approximately eighty-five per cent of all locomotives purchased for domest 
use. 


‘*Recent years have also extended the use of the gun iron 
engine work and more recently the material produced at the plant wi The 3] 


* e 7 . 1 | LnOLS Ss 
visited today has been used to manufacture the so-called gun iron brak : - 


’ . tribution 1 
for use on motor busses and trucks. Here again the characteristi or 


’ and 


of the 


eaused the adoption of the iron for heavy ordnance work and for t! 
railroad service have been instrumental in producing a brake drun 
given unusual service.’ 

The speaker of the evening was Francis B. Coyle, metallurgist 
United States Navy Yard at Brooklyn, New York, whose sub): 
‘*Properties and Heat Treatment of Cast Iron for Diesel Engines’’ 
Coyle’s paper dealt with the constitution, physical properties, artifi 
annealing and heat treatment of high test iron. The paper was fully 
with a number of diagrams and tables showing the effect of compositi 
heat treatment on the physical properties. Considerable discussio: 
and in response to a number of requests from our own and oflier 
members, an effort is being made to have the paper published in a: 
of TRANSACTIONS. H. EF. Hand 


CHICAGO CHAPTER 


The regular monthly meeting was held Thursday, October 14, 
Club. 

The newly elected officers made short talks. The speaker of 
was R. P. DeVries, metallurgist, who gave an illustrated talk on 
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f Magnet Steels with Special Reference to Radio Requirements. ’ 


brought out a lively discussion. 
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The 


greatest gathering ever held by this chapter took place Thursday, 


er 4, 


The Chicago section of the American Institute of Mining and 


lurgical Engineers were invited to participate in the meeting. 


idie and Fannie Kavanaugh (the Gaelic twins), radio stars from KYW, 


ined during the dinner, keeping all present ‘‘pepped up’’ 


The audience was agreeably surprised when the speaker and officers of the 


tey 


were introduced over 


KYW. 


The announcer had evidently attended 


onvention last September and met some of the boys and was well posted 


el 


j 
ed 


Y 
e¢ 


} 


A 


An 


r pet hobbies. 


a hearty reception. 


The subject, ‘‘ The 


to with great interest. 


interesting discussion followed. 


The speaker of the evening, Dr. W. M. Guertler, re 


Hardness of Metals’’, was 


Thursday evening, December 9, the regular monthly meeting was held 


City Club. 


During the dinner the members and guests were entertained by the McNeil 
vers in ‘Banjo Oddities’’ 


Before introducing the speaker of the evening Chairman Baker introduced 


ety 


iirman and secretary of the Chicago section of the American Chemical 


These gentlemen outlined a course of evening classes on physies and 


emistry to be given by University College of the University of Chicago. 


| he 


speaker of the evening was E. J. 


Janitzky, metallurgical engineer, 


is Steel Company, who gave an illustrated talk on ‘‘ Temperature Dis 
. > 


bution in Steel Bodies During Cooling.’ 
‘and brought out a full house. 


lhe 


1 


re 


ng of the paper. 


Q 


meeting, when 


and alloy steel. 


G. 


CINCINNATI CHAPTER 


Cincinnati Treaters enjoyed a most interesting feature at the De 
Richardson, director of publicity of The 
hem Steel Co., presented a five reel movie dealing with the manufacture 


A. 


Mr, 


A spirited discussion followed the read 


Janitzky is a big ‘‘ drawing 


Ss moving picture showed the methods used in producing steel from 


to the finished 


bar 


and showed 


as 


well 


some of the interesting 


s used in the manufacture of certain specialties, such as car wheels 


like, 


Contrary to the usual run of mill and factory moving pictures, 


ms showed all of the manufacturing operations in great detail, so that 
tep in the process could be followed. 


melting is carried on in the electric furnaces which are charged with 


ar, analyzed billets cast from scrap, ete. 


Ine 


At the proper time during 


period slags are built up and suitable alloy additions are made. 


e heat has been brought to the proper analyses and has been thoroughly 


the furnace is tilted and the metal is run into a ladle, 


From the 


e metal is east into ingots of the proper size for the bar to be rolled 
After the ingots have been inspected and chipped they are heated 


szed down. 


The bars are cropped at several stages in the rolling and 






150 





TRANSACTIONS OF THE A. 8. 8. T. 
are given a final inspection for surface defects, fracture and pipe. 


stock is cut to the proper length for the wheel to be made, heated to 
temperature and pressure forged in a large hydraulic press of 12, 
capacity. This forging, after having a small hole blanked out of th 
is heated to the correct temperature and taken to the rolling machin 
reduce the thickness of the flange and form the tread to the right din 
The hub is then machined, and in some cases, the tread, but for fr: 
service this is not necessary. After inspection and stamping the w! 
complete. 



































This meeting was attended by 200 members and guests and en 
a lively discussion. 

R. J. Anderson, president of Robert J. Anderson Laboratories ( 
will give a talk on casting, particularly in regard to the casting of al 
alloys, at the next meeting to be held at the Engineers’ Club, January 

E. M. Vi 























CLEVELAND CHAPTER 






On Friday, December 17, 1926, the Cleveland Chapter of the An 
Society for Steel Treating had a very interesting meeting. 








The first speaker was W. H. Eisenman, secretary of the National S 








who spoke to us on some of his European trip experiences. They we 
esting and so was Mr. Eisenman as usual. We can always listen to B 














Company, Rockford, Illinois, and his address was on ‘‘Cold Heading’’ 





Hillman divided his subject into three main parts, namely: Cold H 
Thread Rolling and Standardization. The subjects included outlin 

















very interesting and educational. 
The outline of Mr. Hillman’s talk started from the wire, through 
heading operation with the many types of upsets, to thread rolling 











part the diameter of the wire plays to the size upset, into standar 
of the product, eliminating specials where ever possible. 








The speaker gave his paper in an excellent manner. After the 
Mr. Hillman answered a number of questions. A. E. Bu 













Members of the American Society for Steel Treating, and es| 
those of the Cleveland Chapter, regret the loss of one of their ar 
workers and colleagues,—William F. Abel who died December * 

following a brief illness. 














DETROIT CHAPTER 


The October meeting of the American Society for Steel Treating © 
October 18, 1926, on the 15th floor of the General Motors Buildi: 
Society was extremely fortunate in having Coach Yost as their Coffee 
The Coach outlined some ideas on football and the general relation of 
to good citizenship. At Michigan, the ideal situation is to compel all st 
to take some form of exercise and not to turn out a few highly trained « 

















The manufacture of car wheels involves many interesting featur: 


The speaker of the evening was Swan Hillman of the National L 


pictures of experiements Mr. Hillman has conducted. The experiments w 





Mr 
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st then spoke of winning and losing games, stressing the point that 
. teach his boys to fight to win, but to lose with a smile. 
technical speaker of the evening was T. 8S. Higbee, of the Victor 
Company. His subject was, ‘*Cold Heading.’’ In presenting the 
ir. Higbee gave an outline of the cold heading industry. The first 
led bolts were made from Swedish iron by Russell Burdsall Ward Bolt 

Manufacturing Company in 1850. The industry did not progress, 
intil the advent of the Bessemer process for the manufacture of steel. 
» came the automatic screw machinery and the cap screw industry be- 
automatic screw machine product made from 1112 8. A. E. 


steel. 
waste of stock, particularly in long bolts, together with the upsetting 
types of bolts, encouraged the idea in cap screw manufacture. The 
lifficulty was that of the heads flying off. This can be remedied to a 
extent if the bolts are annealed. In standard practice, the bolts are 
1300 to 1500 degrees Fahr. and quenched in a soluble oil so as to 
the smooth black finish characteristic of most carriage and machine 
today. In the case of stove bolts, machine and wood screws, the mass 
pset is relatively small and the applied stresses are low. 


necessary. 


Annealing 


the advent of the automotive industry, the demands for cap screws 
greatly inereased. Successful cold headers of bolts began to consider 

rew market and upset cap screws. That cold heading was a possible 
production method was due to two causes: 


Cap screws were a higher quality and a higher priced commodity than 
et products. 


Cold upsetting methods saved enormous amounts of material over 


ng from the bar. 
The first to start cold upsetting cap screws were the Material Screw and 
turing Company and the Ferry Cap and Set Screw Company of Cleve- 
(heir product was made of 1112 8S. A. E. until the Ford Motor Com 
nsisted on higher strength in the finished product. To this end, 


er 


gher carbon steel was used, as .27 to .37. Due to the large amount of their 


bought by the Ford Motor Company, the trade soon gained more ex- 
the material. Due to the general inexperience of the upsetting 
turers with this steel, dies failed, machines were strained and many 
cks split. This left a distaste for high carbon or alloy cap screws 
is of most manufacturers. 
Victor Peninsular Co. then set out to produce a cap screw with the 
roperties equal to or superior to the milled-from-bar product. As a 
metallurgical research and engineering development, facts were dis- 
converted into shop processes whereby 0.30 carbon to 0.37 carbon 
> made economically into bolts which have a minimum of 70,000 lbs. 
int and a Brinell hardness after heat treating of 241-196. 
ligbee then outlined the developments which made possible the use of 
gher carbon wire. First he described the types of heading machines and the 
; .. Briefly, the two flow header is most common and the dies used are 
r split. Both types have advantages, and both fail from the wear of 
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the metal passing through them. The typical failure is one in whi fur: 
allows bolts of too large outside diameter to be formed. aati 

Wire is received 4 to 8 thousandths smaller than the finished prod Aim 
prevents sticking in the dies and allows a certain amount of work 20. j 
sorbed in the bolt proper. At each stage of the heading, Mr. Higbee Soumn 4 


examples of good and bad workmanship. The microscopic study of 1 


oy in ft 
and deep etching to show cracks were shown for correct and ine ‘ 
handling. drop 


Commenting on the type of steel used, Mr. Higbee said that the 
grain size, the greater the amount of upsetting without rupture the st 


Olds E 

Reo 1 
stand. Im the case of fine grained steels (of higher carbon 0.30 up) it ¢ the 
found that splitting is almost inevitable at normal heading speeds. 


from .30 to .80 carbon and 0.60-1.20 manganese may be handled with ease, | R; 
Vean bi 


if the manganese gets above 1.60 per cent, the steel hardens so rapid!y e 
7 me oO 


cold work that the operation cannot be completed. ee 
In closing, Mr. Higbee gave a formula for computing both areas 
A + 9.5A’ 
EA=>=————__— 
10.5 


recogni 
tvpe of 


realize 


KA equals effective area. 
A equals major area, LS. 
A’ equals rivet area. 
. ; ; ‘ ; ; nection W 
\fter the paper, discussion of the various points made by Mr. Hig e 
. SLO! oO 
was given by members. Mr. Higbee was given a rising vote of thank —u 
: . nev eC 


s the opi 
nuded. Tt 


ork, a deg? 


LANSING EXTENSION MEETING OF DetrrRoIT CHAPTER AMERICAN Sor 
STEEL TREATING, HELD Nov. 20. 


This meeting held on November 20, 1926, marks in a most ausp tremely fit: 
what we hope will be the beginning of many more such meetings in Lansi! . professi 
Sometime ago a decision was reached in a meeting of those interested it it many Ww 
Lansing to organize as was done at Ann Arbor. Detroit now has tli 
ure and honor of sponsoring two sub groups. The first one at 
was the first student group organized preceeding that at Case by a few 
in culmination and has been discussed for some time. 

At Lansing the situation is related but somewhat different. 
quite a few industries where we have members, notably Reo and i1 
the Michigan State College Engineering Department are keenly interested 
the work of our society. In fact, their interest was such that for this frst 
meeting they invited all out of town (Lansing or East Lansing 
as their guests at the football game in the afternoon. The game bk 
Haskell Indians and State was interesting, but State was not able to st 
progress of the powerful Indians and lost 40 to 7. About thirty 
including some of our ladies, saw the game. After the game, as 
the college, we inspected the laboratories of the engineering « 

These included those of most interest to A. S. S. T. members, as fors 
heat treating equipment for study of furnaces, pyrometers, etc., 
the mechanies of steel treatment, foundry, with two small cupal 
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furnace under construction, physical testing, metallographic and 
metallurgical equipment, engine testing, ete. 
dinner served in the College Union on the Campus was a real success, 
0, including some ladies, being present. Of this number about 70 
rom out of town. The Lansing committee introduced a Mr. Smith 
in the Capitol Theatre in Lansing who entertained us for about a 
r. At the places the Atlas Forge Company of Lansing arranged 
drop forged paper weights. The meeting then moving back to the 
Olds Engineering laboratory was officially welcomed, first by Mr. Hildorf 
Reo who is the chairman of the Lansing group. Mr. Atkinson, chair 
the Detroit Chapter, told of plans of Lansing also for further 


Dean Bissell of the Michigan State College Engineering school gave us the 
me of the college. He told of a meeting in his office earlier in the day at 
lans for a most unusual course in metallurgical work were made. It has 
cognized that the usual metallurgical courses aim more particularly at 
pe of such study dealing with the production of metals from their ores. 
realize that here in Michigan and with developing industries a newer 
rgy of treatment of metals as such, is of growing importance. This 
se at State is aimed to fit a man to make a real start in the line as 
\. S. S. T. know as metallurgical engineer. A very important move in 
tion with this new venture is the linking of it with, or rather the sub 
nm of it from the mechanical engineering department. This we think 
idea, it being more common to link it with chemical engineering. It 
the opinion of those at Dean Brissell’s meeting that this plan was well 
d. The course will earn the customary B.S. degree but certain graduate 
rk, a degree of metallurgical engineer. As Dean Bissell pointed out it is 
ely fitting that Michigan as the automotive center should make this move 
profession so vital in the automotive industry. While it is not expected 
iny will follow this this year, the plans are about consummated and will 

er way next fall. 
lhe speaker of the evening was Harold F. Wood of Wyman-Gordon Com 
y, Harvey, Ill. His subject was, ‘‘Choice of Steels for Automotive Tool 


Die Work.’’ Mr. Wood is an old friend of ours in Detroit and received 


+ 


y welcome. He analyzed the requirements of different main parts of 
tomobile and made up a series of his choices for these parts. He pointed 
need for better and quieter operation as well as longer life have 


PSsitaft 


ited more careful consideration of specifications in order to obtain the 


nt s 


‘economical design.’’ The classes given were: 


Low stressed parts. 
Serew machine 


Miscellaneous forging for light sections as links, ete. 


Medium stressed parts. 
i. Connecting rods 
Front axles 
Crank shafts 
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Highly stressed parts (Heat treated before machining) 
a. Steering knuckles 

b. Steering arm 

e. Axle shafts 








4. Highly stressed parts (Heat treated after machining) 
a, Transmission gear 

o. Low-stressed case-hardened parts. 
a. Camshafts 
b. Piston pins 


3. Highly stressed case hardened. 
a. Ring gears 


b. Pinions 





e. Transmission gears (If case hardened) 








For the most economical combination of properties, giving consider 
of machining, heat treating and distortion, ete., he gave the vario 
the following: 

l. Elastie Limit 

Elongation in 


35,000 pounds per square inch m 


9” 


16 per cent minimum 






Contraction ......... 45 per cent minimum 


~. Elastic Limit 70,000 pounds per square inch m 






Elongation in 2” 16 per cent minimum 


COMEPROECION ..cccsecce 
Brinell 


50 per cent minimum 
aa 


Hardness .... 228-255 







For alloy steels. 







Elastic Limit ....... 110,000 pounds per square inch n 
Elongation ......... 16 per cent minimum 






Contraction. ......... 50 per cent minimum 
Brinell Hardness .... 277-311 






4. Hardness with best toughness possible 
Elastie Limit 235,000 pounds per square inch mi) 
Elongation ......... 12 per cent minimum 


Contraction ....<cee- 





30 per cent minimum 






Uniform surface hardness 







6. a. Uniform surface hardness 
b. Toughness and strength in core. 
Core after heat treatment to be 







Elastie Limit 70,000 pounds per square inch minimum 
Elongation ..... 16 per cent minimum 
Contraction .... 50 per cent minimum 


In order to obtain these properties in steels with the necessary 
consideration must be given to these factors: 
1, 







Freedom from surface defects 





9 


2. Freedom from internal defects 
(a) Pipe 
(b) Segregation 
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Laminations 
d) Snow flakes 
e) Internal ruptures 

f) Nonmetallic inelusions 

‘) Hair line seams 

h) Ghost lines 

Forgeability of Steel 

a) Ease of flow 

b) Relative liability of over treating 

Design of part and stresses involved 

Machinability 

Response to Heat Treatment 

\ vailability 

Price 

Wood then gave a thorough discussion of these factors. Pointing 
nstance that a difference of 5 to 1 may exist in different steels as to 
ity. He cited examples of how lack of response to heat treatment 
se failures even with reasonable care given. He told of failures due 
ty machining and lack of fillets. In this connection he told of the life 
tor busses of 250 to 300,000 miles and the few failures of crankshafts 
been due to lack of fillets. He pointed out how lack of cooperation 
designing engineers and forge men often raises cost of parts un 
ily. He then gave these steels as his choices for the various groups 
d above, using 8. A. E. nomenclature: 


a) Free cutting Bessemer ........... ittvetiierss bes: ‘San 

Pe EE Was Oe redo but ses cn hss kee tb eawes 1120 
b) With normalizing treatment ...................... 1030 
ae I FNS Os 8s wrth Ke 668 Nene oe 1040 


Various section encountered need variation in carbon from 35-45 
choice 6140 giving consideration to all factors mentioned above. 

Choice 3450, low hardening heat affecting such choice. 

Choice 1020 

Choice 3415, low hardening temperature reducing distortions. 

die work Mr. Wood pointed out that the logic used must be the same 

hoice for drop forge dies intricate designs. 


per cent 
CIE Fa ct eteGicnuwsaess 0.50-0.60 
ONS ESS La eA s 0.50-0.80 
CRE B60 5-5 0ia seo %< 0.70-0.90 
ROE sided We eN es GeWE RSs 2.75-3.25 


es a treatment that produces a surface 65-70 scleroscope. 
forgings in quantity and not intricate 


per cent 
Ce eek Nees Sek ei hee 0.50-0.60 
ORRIN “ios Si se sees os 0.50-0.80 
A eee 0.55-0.75 


PG Sheet cae. aie 1.20-175 treated to 45-50 scleroscope 
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lor small dies inserts are often used of these steels or some hot 


These retain their hardness hot as: 









cent 
Carbon .... ale ere Oe sae 0.80-0.90 


per 


RIOD: os seca ue ta eenen 0.50-0.60 
3.50-4.00 





Chromium 










This is fair, but a better steel is: 


per cent 











RE © Vw wee ewmne® 0.40-0.50 
DE inheaseee beans 0.50-0.60 
CRE gnc wise oe ww cms 3.0-4.00 











a eer 15.0-18.0 





l‘or trimmer steel he prefers 





per cent 























RE rOo uss ok aS karate 1.00 
ee eee 0.15 
ee ere 0.50 at 70-75 for Cold trim 









65-70 for Hot trimming 





Mr. 


‘* pathological specimens’’ illustrative of the defects to avoid. J. L. Met 


Wood then coneluded with a eollection of lantern slides, 

















ANN ARBOR GROUP 


At the meeting on Thursday evening, December 9, the Ann Arbo. 
of the Detroit Chapter was favored by the presence of the National Secret 
W. H. Eisenman, and J. M. Watson, metallurgist for the Hupp Motor 

















(Company of Detroit, Michigan. The former gave a short resume of the histor 





of the Society and a short talk, especially appropriate for the larg: 





of junior members present, students of the University of Michigan. 





J. M. Watson gave a very interesting and instructive talk illustrat 











moving pictures showing the purpose of heat treatment and the ope! 





automatically controlled continuous furnaces for the heat treatment 





mobile parts as used in the Hupp Motor Car plant. He also showed | 





of the microstructure of the steel after each operation. He included 





talk and pictures the operations of normalizing, hardening, drawing 





izing, and cyanide hardening. 





Preceding the meeting, at which about 75 persons were present, 
members of the Society had dinner at the Michigan Union. These 
included the two speakers mentioned above, Prof. W. P. Wood, chair 
the Ann Arbor Branch; Robert Atkinson, Haleomb Street Company, chairn 
of the Detroit Chapter; W. G. Calkins, past chairman; F. P. Zimmerli, 
tary-treasurer; H. G. Freeland, metallurgist for the Hoover Steel Ball ' 
pany, Ann Arbor; A. F. MacFarland, Cyclops Steel Company; Prof. H. 
Campbell of the University of Michigan; W. A. Anderson of Alfred 0. B 
Company, Detroit; and H. T. Morton, Jr., assistant metallurgist 
Hoover Steel Ball Company. 
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GOLDEN GATE CHAPTER 


thens Athletie Club, Oakland, provided a very suitable meeting place 

len Gate Chapter of the American Society for Steel Treating, on 

. 10, 1926. A uniquely decorated and spacious banquet hall which 

d by sliding doors to the lecture room with used for the banquet. 
ibout 40 present at the lecture and banquet. 
man F. B. Drake presided over the meeting. As a roll call had not 
ted to for some months, each member was called upon to arise, 
himself and his business connections. The secretary’s report was 
iccepted, 
‘aylor presented the Year Book which is just off the press. 

\s this is the first Year Book that Golden Gate Chapter has produced, the 
expressed themselves as being very proud of the work of the pub 
nmittee in devising the booklet. 

Wright, chairman of membership committee, made a few remarks re 
¢ the coming membership drive and pointed out a few of the methods 
ve hope to increase our membership. 


Mr. Kottnauer announeed that the details of the two courses—advanced 












elementary—in the heat treatment of steel, were being worked out so 
isses may start about January or February 1. 
iirman Drake brought to the attention of the members the new form 
nouncement of meetings which is being used. These announcements are 
more elaborate than those formerly used and should be a means of creat 
ter interest in the meeting. 


} 


Several suggestions were made as to how these announcements might be 









Gearhart, who attended the Chicago Convention as representative of 
Golden Gate Chapter, made a report of his trip. Among other things he 
our chapter was well received and that he received every courtesy 
as known that he represented the Golden Gate. He was made chair 

the first technical session of the convention. 
‘lr, Thurston announced that the annual Smoker, which is slated for De 
er ll, will be held at the States Restaurant in San Francisco. This is 
gomg to be a mighty classy affair, and Sam has promised us a big return for 

$2.50 per capita. 






"he meeting of the executive committee was called for November 23, at 
Athens ( lub. 







lhe speaker for the evening was W. T. Brown, of Brown Brothers Weld- 
ng Company, San Francisco. Mr. Brown is very conversant with his subject 
he has suecessfully pioneered these two branches of welding in the San 





Francisco territory. His lecture was accompanied by many slides covering both 
types \ding principally in the shipbuilding trade. One of the impressive 
ints brought out in his lecture was the fact that generally welded joints can 
stronger than the surrounding metal. 
Mr, ] 






rown is an electric welding enthusiast and believes there is a great 
is type of welding. In fact, he pointed out that there are many 
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eases where electric welding as developed today is the only feasib| 
C. 
LOS ANGELES CHAPTER 
The last regular meeting of the Los Angeles Chapter was it 4 
Los Angeles City Club Nov. 18, 1926. There were 54 members 
present, including two visiting members from the San Francisey Chg 
both claiming ‘‘ We know how to do things down here in Southern (California 
and Mr. Howe, a charter member of the Chicago Chapter. 
After a very splendid dinner and the transaction of regula 
ness, Prof. Howard Clapp, of the California Institute of Technology, Pas 





California, was then introduced, and gave the last of a series of ectures 
on the subject of ‘‘Heat Treatment and Practical Metallurgy.’’ The x 
ject, ‘‘ Physical Properties of Steel under High Temperatures,’’ was presenteg 


in a very clear and most instructive manner. Prof. Clapp has devoted a grea 
deal of time along this line of researched work, having made n 
photographs which were shown on the screen during his lecture. 

A rising vote of thanks was given Prof. Clapp for his untiring efforts jy 
arranging this lecture course for the Los Angeles Chapter and all wish hin 
success along this line of endeavor at the California Institute of Tec! 





















MILWAUKEE CHAPTER 


Milwaukee Chapter’s first social event was held on November 16, 1926 
the Republican Hotel. 

Among the events of the evening was an entertainment which was enjoyed 
by all. Smokes and refreshments were served during the entertainment, whicl 
was followed by a banquet. 

The evening activities were enjoyed by about 180. 

The program and arrangements were under the auspices of J. J. Dierbeck, 
chairman of entertainment, to whom we wish to extend our sincere appr 
ciation for a most enjoyable evening. 





Milwaukee Chapter held their regular monthly meeting November 23, 1926 
at the Blatz Hotel. The 6:30 dinner was well attended as well as the lecture 


8:00 p. m. 

The speaker of the evening was E. W. Stuart of the Wm. D. Gibson Com 
pany, Chicago. 

The subject of springs was discussed very thoroughly, their design, manu 
facture, heat-treatment and operating conditions. 

This was a very interesting meeting as was evidenced by the number | 
quéstions and amount of discussion. M. E.G 









MONTREAL GROUP 


The members of the executive committee of the Montreal g! 

American Society for Steel Treating have been so busy during the fal! getting 
in new members, and getting the course in metallography and stee! treaty 
under way, that there has been little time for writing reports fo 
TIONS, 
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ver, now, the success of the Montreal group is assured. Since the 


the group in Montreal last April more than 100 members have signed 


hile there are some defaulters among these who are not yet eligible 
ership, yet the Montreal group is head of class three, and what is 
members have the determination to stay head of elass three or 
classification group into which they are placed. 

f the best means of getting new members has been the course that 
d in cooperation with McGill University. The fees for this course 
is $5 for members and $10 for non-members, and it was responsible 


ng many of the new members. More than fifty registered for the 


which was based to a certain extent on a similar course being con- 
it Temple University in Philadelphia, and all fall there has been an 


at the weekly lectures of more than forty. Instruction has been 
by members of the lecture staff of the university, and practical men 


t in the steel industry in Montreal. The instructors inelude Dr. 


Stansfield, chairman of the Montreal Group, C. F. Pascoe, vice-chair- 


} 


tobert Job, Gordon Sproule, and W. M. Townsend, members of the 


committee, and Messrs. Roast and Collitt, members of the society. 


of the lectures have been more or less of an elementary nature, in 


at those members of the class who are beginners might not be handi- 


Next year, if this year’s class continues to be the success that it 
| fall, the instruction will probably be carried forward into more 
studies. But, it is impossible to progress very far with the ele 
work in 25 lectures. 


Three lectures have been heard by the Montreal Group during the fall; 
Nelson, speaking on a comparison between the methods of manufac- 
high grade steels in England and the United States; Mr. Norris of 


| 
1 


ikK<¢ 


+ 4 


\ + 


7 


Steel Company, on vanadium steel, and Sam Tour of the Doehler 
ng Company, Batavia, New York, on salt baths. 

od program has been arranged for the 1927 season, and several 
have already been obtained. The first meeting will be on January 10. 


the first meeting in the fall the executive, appointed temporarily, was 


? 


to act until the first election of officers. This executive consists 


nan, Dr. A. Stansfield, MeGill University; vice-chairman, C. F. Pascoe, 


Steel Foundries; secretary-treasurer, F. H. Williams, Canadian 
Railways; executive committee: Robert Job, Milton Hersey Com 
ited; R. J. Noakes, Canadian Pneumatic Tool Company; Gordon 
MeGill University; W. J. Hall, Manufacturers’ agent; W. M. 
Montreal Locomotive Works Ltd.; H. 8S. Weldon, Canadian In- 
nd Testing Company Ltd.; W. J. Pead, Montreal Heat, Light and 
pany, and D. G. Mac Innes, Canadian Machinery and Manufacturing 


NEW HAVEN CHAPTER 


gular monthly meeting of the New Haven Chapter was held on 
December 9. 


0 p. m. 21 members and friends sat down to a roast turkey dinner 
Bishop. 
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J anuary 


Shortly after 8 p. m. the chairman, C. J. Sauer, opened the meeting and 
a short business session was held. Following this, the speaker of the evening, 
Charles McKnight, Jr., of the development and research department of the 
International Nickel Company, gave a very interesting and instructive talk op 
‘Some New Steel Developments.’’ This talk was well illustrated with lantery 
slides. The topic itself was along new lines and so different from most talks 
on steel, that it was well on to eleven o’clock before the questions were ql] 
answered. 

The attendance prize donated by R. G. Hall was won by T. G. Besom,. 
More power to you, Tom. Don’t forget to be on hand for the next meeting. 

Due to the snowy condition of the roads and the cold weather, our attend. 
ance dropped down to 45. Congratulations to the ones~who braved the ele. 
ments. You were well repaid by a mighty interesting talk.” W. G. Aurand. 


NORTHWEST CHAPTER 


The Northwest Chapter was fortunate to procure speakers for two meet- 
ings for December. At the first meeting held Dec. 7, Mr. Harcke of the Air 
Reduction Company gave a talk on the properties of liquid oxygen. Even 
though the oxygen contained in cylinders is a common article in most shops 
at the present time, its properties in the liquid form are not very well known 
to most of us. 

Mr. Harcke showed its effect on flowers, rubber, and other articles, which 
demonstrated very well just how this liquid behaves. Its most useful 
property, that of supporting combustion, was shown by immersing a glowing 
splint into the vapor above the liquid which caused the splint to burst into a 
bright flame. The talk was very interesting as well as entertaining, with 
everybody anxious to see what Mr. Harcke would do next. 

After the lecture, a moving picture film was shown which described and 
illustrated the machines used in the manufacture of liquid oxygen. Another 
film showed the use of oxygen in oxyacetylene welding and cutting of metal. 
The pictures of the welding operations were especially interesting as the mak- 
ing of a weld was so well illustrated. 

After the lecture there was a good discussion on difficulties met with in 
making welds of various types and using different kinds of material. 

The second lecture was given December 15, by A. W. Lorenz, metallurgist 
of the Bucyrus Company, South Milwaukee. Mr. Lorenz gave a talk on steel 
castings and discussed the furnaces used, giving the advantages and dis: 
advantages of the different types. He also discussed the methods used in the 
heat treatment of castings and showed how each would be best suited for various 
types of steel and properties that are desired. 

After the lecture there was a good discussion on the heat treatment of 
steel castings as well as on the best practice for casting steel. Mr. Lorent 
presented this difficult subject in a very clear and concise way so that every: 
body present obtained a great deal of information which can be applied to 
their own problems. We feel especially fortunate in having had Mr. Lorenz 
present this paper to us. L. J. Weber. 
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PITTSBURGH CHAPTER 


The December meeting of the Pittsburgh Chapter was held on the even- 
ing of the ond. 

An unusually large number of members attended the supper which was 
s»rved at 6:30 p. m. in the Bureau of Mines restaurant preceding the meet- 
ing. 

At 8 o’clock, the meeting was called to order in the auditorium of the 
Bureau of Mines Building. Owing to the absence from the city and illness 
of the chairman and vice-chairman, former Chairman O. B. MeMillen was 
called upon to preside at this meeting. 

After a short business session, the chairman introduced the speaker of 
the evening, O. L. Pringle, superintendent of the metallurgical and inspection 
lepartments of the Pittsburgh Crucible Steel Company, Midland, Pa., whose 
subject was, ‘‘A Review of Some Phases of Modern Steel Manufacture.’’ 

A great number of specifications for forging billets, especially for loco- 
motive forgings require that blooms shall be rolled from an ingot which will 
give a reduction of from four to one from ingot to billet. In the early days 
this requirement might not have caused any detrimental effect, but since the 
size of these billets are becoming larger and larger and the restriction of four 
to one reduction is required, we find that the ingots are becoming increasingly 
larger as time goes on. 

To determine by a detailed investigation the effects of various amounts 
of reduction from ingot to bloom on the quantity of the steel as shown by its 
static and dynamic properties, an investigation was made of the static and 
dynamic physical properties by pouring the steel from one heat into four 
different size molds, namely, 18 x 18, 20 x 20, 26 x 26, and 32 x 32 and roll 
these ingots into 14 x 14 with an ingot to bloom yield of as near 70 per cent 
as possible in each ease. Both top and bottom ends were analyzed center and 
midway for carbon, and bottom and top etch tests were taken from each 
bloom. The amount of reduction was as fol’ows: 

Reduction of Ingot 
Ingot Size From 14 x 14 
18 x 1.65-1.00 
20 x 20 2.04-1.00 
26 x 26 3.44-1.00 
32 x 32 5.22-1.00 

The etch tests showed little difference and, if anything, favored the 
blooms with the least reduction and the physical properties, both static and 
‘lynamic, favored the 2.04 to 1.00 and the 3.44 to 1.00 reductions. A dis- 
cussion followed as to the explanation of this. 

The speaker then called attention to the report of sub-committee No. 5 
of the Iron and Steel Institute on ‘‘'The Heterogeneity of Steel Ingots.’’ It 
was brought out that these ingots were made on the continent and ranged in 
size from 1500 pounds to 172 tons in weight. 

It was recommended that the Pittsburgh Chapter consider the help that 
they might give the steel industry, not only in Pittsburgh, but United States 
by making such an investigation and publishing such results with the idea of 
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getting to the trade not only the difficulties, but in some cases the possibility 
of meeting certain restrictions of specifications which had nothing more thay 
an arbitrary origin. 

Reference was also made to the findings of J. H. 8. Dickenson of thy 
Iron and Steel Institute of ‘‘The Distribution of Silicates in Steel Ingots”? 
with the comments of such men as Mr. H. Brearley and several others of inte; 
national Ferrous-Metallurgy fame. 

It was not recommended in any way that there be any let-up or easing 
off of the requirements of specifications that had good foundations for thei; 
existence, and it was only the arbitrary and obsolete requirements of specif. 
cations that were asked to be investigated and modified accordingly. 


H. A. Neeb, Jr. 
ST. LOUIS CHAPTER 


The , sixty-second monthly meeting of the St. Louis Chapter, American 
Society for Steel Treating was held Friday evening, December 17, at the 
American Annex Hotel, with 41 members and guests present. 

After the usual dinner, the meeting was called to order by the chairman, 
C. B. Swander, who announced that we were shy a vice-chairman, on ac- 
count of J. J. Bowden of Laclede Steel Company taking up new duties in 
the East. As the St. Louis Chapter was in need of a ‘‘ Vice’’, Guy White nomi- 
nated W. D. Thompson of Laclede Gas Company, who was elected unami- 
mously to be St. Louis Chapter’s only ‘‘ Vice.’’ 

The secretary then reported four new members—J. J. Larkin, president, 
and Jim Kilger, superintendent of Larkin Packer Company, A. W. Grosveni, 
Jr., transferred from Cleveland, Ohio, and K. G. Lund from Pittsburgh. 

The speaker of the evening, G. E. Harcke, industrial engineer and (i: 
rector of the Airco-Davis Bournonville Welding Institute, Jersey City, N. J. 
assisted by his associate, J. F. Callahan, through the courtesy of the Air 
Reduction Sales Corporation, 342 Madison Ave., New York, having been 
produced by this company in co-operation with the United States Bureau 0! 
Mines, the educational film ‘‘Oxygen, the Wonder Worker’’ was presented, 
showing its use in the fabrication, salvaging and wrecking in the industries, 
and a demonstration of the properties of liquid oxygen proved most inter 
esting. Rubber balls, tubing, hot-dogs, and fruit immersed a few seconds, 
showed some spectacular results. Just imagine 300 degrees below zero bot 
tled up and under control in a room filled with men, at 70 above, and you 
will know why the writer thinks every man who failed to be there missed 
a treat. The meeting was both interesting and instructive, and was closed 
with a rising vote of thanks to the speaker and his associates. 

C. G. Werscheid. 
SYRACUSE CHAPTER 

A. H. d’Arcambal, consulting metallurgist of the Pratt and Whitney Com 
pany, was the speaker at the regular monthly meeting of the Syracuse Chapte! 
held on December 14. The subject of the talk was ‘‘ Metal Cutting Tools’’. 

The speaker first reviewed the changes that have taken place in the last 
few years in the metal cutting tool industry. He recounted that seven year 
ago practically no tool steels were made in the electric furnace. Three yea’ 
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ago about fifty per cent of the tool steels were made in the electric furnace 
and today from ninety to ninety-five per cent is manufactured in the electric 
furnace. He said that it is now believed that electric furnace steel is better 
than crucible steel. The high speed steel in use today is mainly of the eighteen 
per cent tungsten, one and a quarter per cent vanadium type with carbon be- 
tween 0.65 and 0.75 per cent. The use of cobalt high speed steel, with cobalt 


up to five per cent is coming more into use for turning and boring tools. It 
gems to be difficult to harden this steel without producing a soft skin, and 
for this reason it is not advisable to use this steel for any tools except those 
which are ground all over. The special steels like molybdenum high-speed and 
the so-called semi-high speed have fallen by the wayside. A steel which has 
won a popular place in the field of blanking dies is the high carbon high 
chromium type. For low speed cutting, the vanadium-treated carbon steels seem 
to be best. In coneluding the discussion of the steels, the speaker pointed out 
that rejection of steel at the customers’ plants has fallen off to a very low 
percentage due to improved methods and more thorough inspection by the steel 
manufacturer. He further advised that large users should buy steel under 
specifications such as analysis, hardness and acid etch test, thus placing the 
responsibility on the buyer; but small shops, not properly equipped for testing, 
ean do no better than buy steel by brands. 

In regard to changes in hardening equipment, the speaker stated that 
me of the greatest boons to the hardener is the automatically controlled elec- 
trically heated lead and salt bath furnace. Further, if the glow-bar high speed 
furnace lives up to its promise, it is quite likely that the hardening rooms of 
Pratt and Whitney will in a short time be completely electrically equipped, thus 
assuring clean and accurate work. The Rockwell dilatometer method of hard- 
ening is another recent development. 

The only important change in testing equipment has been the rapid growth 
in popularity of the Rockwell hardness tester. 

In tool design, the most important change has been the development of the 
ground thread high speed tap. These taps give eight to ten times the service 
of a carbon steel tap. 

The speaker then showed pictures of the various departments of the Pratt 
and Whitney works, at the same time extending an invitation to all to come 
and visit the plant. 

In concluding his talk, the speaker illustrated by means of many specimens 
he had with him, the effects of good and bad heat treatment, as well as good 
and bad acid-etched dises. 

The discussion that followed was quite animated and everyone in the large 
wudience felt that he had spent a profitable evening. S. P. Peskowitz. 


TORONTO CHAPTER 


An illustrated talk by M. A. Grossmann, of the Central Alloy Steel Cor- 
poration, Massillon, O., on ‘*Some of the Precautions Taken in Making Fine 
Steels,’’ was the feature of the November 26 meeting of the Toronto Chapter 
of the American Society for Steel Treating. 

About fifty members were present in the Consumers’ Gas Company hall, 
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Adelaide Street, Toronto, when J. W. McBean, chairman of the chapter, called 
the meeting to order. W. J. Blair, of the executive committee, announced prio; 
to Mr. Grossmann’s talk, that half a dozen members had been secured gine 
the October meeting, and that as many more would be secured before thy 
December meeting. The finances of the chapter were also in much better eo». 
dition, Mr. Blair said, largely by reason of a booklet evolved by the executiye 
committee, from which the advertising revenue had been more than satis. 
factory. 

Urging all interested in the heat treatment and manufacture of ste¢| 
to join, Mr. Blair declared the publications furnished members by the society 
were alone worth the fee, apart from the meetings and lectures. Another 
indication of the importance of steel treaters and the manner in which men. 
bers were being served was the appearance in Canadian Machinery and Man 
facturing News, the official organ of the chapter, each week of a page edited 
by members of the society and devoted to heat treating topics. Mr. Blair 
announced that arrangements were being made to publish a photograph and 
biography of every member of the chapter, as one means of ‘‘ getting 
acquainted ’’. 

In covering his subject, Mr. Grossmann followed fine steel through the 
mill from the scrap pile to the stock pile, emphasizing the care given its manu 
facture. Slides showing each operation were of considerable benefit to mem. 
bers in following the discussion. The speaker pointed out that fine steels 
include tool steels, made with great care in composition and structure and 
consisting of several groups, i. e., carbon, high-speed, non-shrinking, etc.; s0- 
called alloy steels, used largely in the automotive and locomotive fields, com: 
paratively low in carbon; and the so-called stainless steels, first manufactured 
by Krupp, although Brearley was first to realize their importance. 

High speed steels, said Mr. Grossmann, are undoubtedly the most sensitive 
of the steel family and eight-inch and larger ingots require very careful 
handling, as otherwise they simply fall to pieces in the ‘‘breaking-up”’ 
operation under the hammer, 

The final operations of chipping, grinding, annealing or cold drawing of 
the billet were discussed by Mr. Grossmann who showed that great care had 
to be taken to the very last operation. In grinding surface imperfections 
from the billets, for instance, the wheel is run crossways of the billet to avoid 
smearing over any longitudinal cracks. 

In connection with the annealing, Mr. Grossmann declared a fallacy Was 
gaining credence, that decarburization was caused by annealing. This, he 
declared, was not so. The annealing operation merely defined the line 0 
demarcation, as the same effect was secured when the billet was annealed in: 
vacuum, when decarburization certainly would not occur. 


At the conclusion of his talk, Mr. Grossmann answered many questions 
relating to individual problems, propounded by J. L. Hynes, of the Crucible 
Steel Company; A. G. Davis, of the Consumers’ Gas Company; W. J. Blair, 
of Canada Cyele and Motor Company; E. Burnthall, of the Corman Engi: 


neering Company, and J. W. McBean, of the Central Technical School. 


Campbell Bradshav. 
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NEWS OF THE CHAPTERS 


TRI-CITY CHAPTER 


The third regular meeting of the Tri-City Chapter of the American Society 
‘or Steel Treating was held at the LeClair Hotel, Moline, Illinois, on November 
17. 1926, at 6:45. 

Forty-five members and friends were present to enjoy the dinner and to 
near N. L. Deuble of the Central Alloy Steel Corporation of Massillon, Ohio, 
talk on ‘‘Heat Treatment of Steel Parts for Motor Cars’’. 

Mr. Deuble’s talk was enlightening and included recommendations for the 
steel to be used in the construction of automobiles and tractors, together with 
the heat treatment of them. Local tractor and automobile manufacturers were 
keenly appreciative for the opportunity to hear a talk of this kind. 

In December a joint meeting of the Tri-City Chapter of the American Soci- 
ety for Steel Treating and the Quad City Foundrymen’s Association was held. 

| Approximately eighty men attended the joint December meeting of the 
Steel Treaters Society and the Foundrymen’s Association. 

The dinner, which preceded the talk of the evening, was featured by a 
Hawaiian musical sketch put on by Messrs. Willers and Pasch, both of Daven- 
port. 

Mr. Lorenz, metallurgist for the Bucyrus Company of Milwaukee, manu- 
facturers of heavy steam shovels and locomotive cranes, discussed the manu- 
facture of steel castings and their proper heat treatment. He stated that at 
the plant with which he is connected he found that steel castings can be made 
cheaper and of a better quality if they are melted in an electric furnace than 
if melted in the basic open hearth. The question was raised why electric fur- 
naces could not be used to equal advantage for melting gray iron, An in- 
formal discussion followed. 









WASHINGTON-BALTIMOR™ CHAPTER 










The Washington-Baltimore Chapter held its November meeting on the 
9 in the Engineers Club, 6 West Fayette St., Baltimore, Md. Dr. F. C. 
Langenberg, Howe Medalist for 1926, addressed the chapter on the subject 
‘Practical Applications of the Impact Test’’. A brief outline of this talk 
and of the diseussion follows: 

It will be well to mention at the start that the application is in the testing 
of cold-worked cylinders. If a sample hollow cylinder is subjected to an interior 
pressure, the outer surface of such a cylinder is under a low stress while the 
immer surface is under a high stress. It may be shown that in the case of a 
‘ylinder in which the wall thickness is equal to the interior diameter, the great- 
‘st pressure which can be confined in such a cylinder without stressing the inner 
surface beyond its elastic limits is only 63 per cent of the elastic limit of the 
‘teel from which the eylinder is made. The stress at the outer surface of this 
‘ylinder is only 3/19 of the stress at the inner surface. 

If the problem is presented of designing a cylinder which will function 
tlastically under a given pressure, two conditions can be carried; namely, the 
tlastic lunit of the material to be employed, and the wall thickness, assuming 
‘lat the interior diameter must be some fixed dimension. There are certain 
imitations on the use of material having a high elastic limit, for some ductility 















166 TRANSACTIONS OF THE A. 8. 8. T. 


January 


must be present. Likewise, increasing the thickness of the cylinder wall }p. 
yond a certain amount does not materially increase the elastic strength of 
the cylinder. It is obvious that if the metal in the bore could be compresge4 
to its elastic limit in compression, the elastic range of the cylinder would pe 
doubled. If the bore is stressed beyond the elastic limit and the applied stresg 
then is removed the metal at the bore will be found to be in a state of com. 
pression, whereas the metal at thé outer surface of the cylinder will be in q 
state of tension. In analyzing the conditions existing in a cylinder which has 
been subjected to cold working, it is obvious that in addition to the compres. 
sion existing at the bore a source of additional elastic strength is present, 
If the bore of such a cylinder has been enlarged, the outer wall will also have 
been enlarged, but by a lesser amount depending upon the thickness of the 
cylinder wall. This enlargement is equivalent to a tangential stretching of 
the metal, and the original elastic limit is elevated to some new figure, depend- 
ing upon the amount of stretch in the various elements of the cylinder wall, 
It is evident that the maximum increase of the elastic limit will occur at the 
bore of the cylinder. Therefore, in determining the strengthening effect im- 
parted by the cold working operation, it is necessary to take into account, not 
only the compression of the metal at the bore, but the elevation of the elastic 
limit as well. Some additional strengthening effect is produced by heating at 
250 degrees Cent. subsequent to cold-working. For instance, the increment of 
increase in elastic strength produced by an additional 0.50 per cent en 
largement of a cylinder having had a previous 3 per cent enlargement followed 
by the 250 degrees Cent. annealing operation, is much greater than the incre- 
ment would be if the cylinder were enlarged from 3 per cent to 3.50 per cent 
without an intervening anneal. In general, the increase is elastic strength, 
produced by the low anneal, is less at the higher bore enlargements. 

In the actual manufacture of guns by this cold-working process the follow: 
ing scheme is used: 

A container is erected in a vertical position and the gun lowered into 
place. A mandrel is placed inside of the gun with a small clearance around 
it. Packings are provided at each end of the gun and water pressure is ap: 
plied through a pump and then an intensifier to increase the unit pressure. The 
interior contour of the container is so machined that each section of the gun 
will receive the proper enlargement, and after this enlargement has been ob- 
tained further expansion is prevented by the walls of the container.’ 

When centrifugally cast guns are prepared, metal is poured into a rotating, 
refractory-lined mold, the largest one used in the Watertown Arsenal being 
18 inches outside diameter and 15 feet long. The cast cylinder is then heat 
treated, subjected to the cold-working operation described above and annealed 
at 250 degrees Cent. In these centrifugally cast cylinders carbon and other 
elements such as chromium, sulphur and phosphorus segregate toward the bore. 
This phenomenon is illustrated by the carbon analysis of a section five inches 
thick, from the bore to the outer surface, the carbon present in the region near 
the bore being about 0.50 per cent and that present near the outer surface 
being only 0.15 per cent. The corresponding Brinell hardness was 190 at the 


‘Effect of Cold-working on the Strength of Hollow Cylinders by F. C. Langenberg TRANS: 
actions of American Society for Steel Treating, 1925, Vol. VIII., pages 447-470. 
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hore and 130 at the outer surface. There is no gradual decrease in carbon 
eontent from the bore to the outside, a more rapid rate of change being ob- 
served near the bore. Manganese does not seem to segregate when present in 
small quantities, but it does segregate when larger amounts (1 to 3 per cent) 
are present. It is important to note that segregation in these castings is on 
, much sharper gradient than in masses of equal weight or area, cooled at 
the same rate but without the influence of outside forces other than gravity. 

This segregation in pressure cylinders is not entirely disadvantageous 
particularly after heat treatment and subsequent cold work. It leaves the 
immer metal of high elastic limit, although of low ductility; it is this metal 
that must take the highest loads but tensile failure here can never prove 
srious. This is brought about by the outer metal being of low elastic limit 
and lightly stressed, but highly ductile and very resistant to impact. When 
a cylinder of this type fails, it splits but does not fragment and thus life and 
property damage are at a minimum. 

Returning to the question of impact testing, Dr. Langenberg remarked 
that previous investigations of ordnance material that had seen service (some 
of which had failed) made possible the establishment of minimum Charpy im- 
pact values for these materials. Continuing the study of impact properties in 
the case of the cold-worked cylinders brought out the facts that with absorbed 
energy in this test below 7, failure would occur with fragmentation; between 
7 and 12 the nature of failure was variable and over 12 failure was in every 
case by longitudinal splitting without fragmentation. 

In attempting a correlation of static and impact properties, various ma- 
terials were examined by static tensile tests of standard 0.505 inch bars and 
impact tests of un-notched bars of similar form and notched bars in which 
the diameter at the base of the notch was also 0.505 inch. Certain interesting 
relationships were developed between the strength properties in static tension 
tests, the energy absorbed in such tests and the energy absorbed in the impact 
tests but in order to develop these features, energy absorption in static testing 
had to be computed to the instantaneous reduced area while under load. The 
elongation in the immediate vicinity of the ‘‘neck’’ of the tensile bar affords 
an index of impact strength. These experiments have further indicated that 
the static tensile tests may be replaced by the less expensive impact test in 
the examination of the serviceability of these cold-worked cylinders. 

A. I. Krynitsky. 
WORCESTER CHAPTER 


The regular meeting of the Worcester Chapter, American Society for 
‘tel Treating, was held on Tuesday, October 26, at the Worcester Polytechnic 
Institute. The meeting was preceded by the usual supper—there being present 
‘total of fifty members and guests. 

View.« hairman, H, Klauke, presided in the absence of our chairman, Earle 
Clark. Sorry Earle could not attend as this meeting was one of our most 
Successful meetings. We had over one hundred present at the lecture which 
followed the supper. 

The speaker for the evening, G. A. Richardson, of the Bethlehem Steel 
‘ompany, gave one of the most interesting talks ever presented before the 
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chapter. Believe me, Mr. Richardson is some ‘‘Iron Man’’. He drove gom 
280 miles over the road just before giving this talk on ‘‘ Manufacture of 
High Grade Steel’’. 

Several films were projected in connection with this subject. The firs 
film and talk covered the general manufacture on a large scale. The large 
tonnage methods were clearly outlined. The second talk covered high grade 
steel manufacture taking in the special methods of manufacture that ar 
independent of the manufacture of the regular tonnage steels. 

Lastly one of the highly specialized methods of manufacture was ¢op. 
sidered, showing a film on manufacture of forged car wheels. This proved 
very interesting and spectacular. 

After completing his talk Mr. Richardson was given a rising vote of 
thanks. C. G. Johnson. 

The fourth meeting of the Worcester Chapter was held Thursday evening, 
December 2, at Baratti & Ble’s Restaurant. This was a joint meeting with 
the American Society for Mechanical Engineers. Nearly sixty were present 
at the luncheon served at 6:30 o’clock p. m. 

After a leisurely luncheon the meeting was called to order by Chairman 
Clark. The regular business announcements were made after which H. A. L. 
Woodcock, of the Morse Twist Drill and Machine Company, speaker for the 
evening, was introduced. 

Mr. Woodcock gave an illustrated lecture on the development of New 
Bedford, Massachusetts, including pictures of the Morse Twist Drill Plant 
with a talk on tools. The whaling industry was responsible for the founding 
of New Bedford, and with the dropping off of this industry it was necessary 
for New Bedford to find other lines of industrial work—one of them being 
machine tools. Mr. Woodcock’s description of the whaling industry was very 
good and we all enjoyed it. The talk on the development of the Morse Twist 
Drill Company was very interesting. This factory was one of the first to 
manufacture machine tools including the twist drill. A good many problems of 
the manufacturer of machine tools were described. C. G. Johnson. 


The Worcester Chapter is to be congratulated for its efforts in establisl- 
ing a course in metallurgy which is now well under way. The course starte 
on October 7. Through the cooperation of the Y. M. C. A. Engineering Schoo! 





with the Worcester Chapter of the American Society for Steel Treating this 


course in metallurgy has been made possible. 


The course consists of 32 lectures by V. E. Hillman, metallurgist of 
Crompton & Knowles Loom Works, and covers subjects indicated in the fol 


lowing outline: 


Tron Ores 
Blast furnace Electric steel 
Acid Open-hearth furnace Fluxes 


Basic Open-hearth furnace 


Ferro-alloys 
Bessemer steel 


Various grades of steel 


The elements: Sulphur, Phosphorus, Manganese, Carbon, (Chromiut, 


Nickel, Tungsten, Vanadium 
Hardening—drawing—annealing—carburizing 
Recalescence and decalescence points 
Microphotographs and their practical application 
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discussion of: , 
Complete discuss Cast Iron and Malleable Iron: 


Pearlite Cementite 
Martenaite Graphitic carbon 
Troostite 

Sorbite Brinell machine 
Ferrite Scleroscope 


Tensile strength testing machine 


Wrought Iron: Metallographic bench 


Slag Fibers 


Transverse section Heat treating furnaces 
Longitudinal section Different quenching mediums 
Segregation Various drawing baths 


The Worcester Chapter of the American Society for Steel Treating recom- 
mends and endorses this course and urges anyone interested to call Mr. Lotz 
at the Y. M. C. A, 

This is the first time such a course has been available in Worcester to the 
general public. 


DISCUSSION—TENSILE PROPERTIES OF STAINLESS IRON AND 
OTHER ALLOYS AT ELEVATED TEMPERATURES 


(Continued from Page 100) 

represents the condition of all the others, I will say that we have found it 
necessary to use extreme care in selection of test specimens. Bars are checked 
by Brinell test after quenching and after tempering before the first selection 
of uniform material is made. Seven Brinell tests are then made on each bar 
to determine, if possible, the presence of any hard or soft spots. All of the 
hars in the lot are then machined to final form and tested magnetically. The 
Brinell and magnetie tests usually agree in the arrangement of specimens in 
the order of their strength. A short-time tensile test at normal tempera- 
ture is then made on at least two of the hardest and two of the softest bars 
in the lot. The variation in properties of these bars represents the maximum 
variation to be expected in the lot of material. Test specimens chosen for long- 
time tests are the ones showing the greatest uniformity in these preliminary 
tests, 

| wish to thank Mr. French especially for the supplementary informa- 
tion he has given in connection with long-time tensile tests at high tempera- 
‘ures, Such tests afford a means of selecting safe working stresses at elevated 
temperatures. In general this selection must be based on allowable deforma- 
tion within the expected life of the material. In steam-turbine practice, a 
ong life is expeeted and the allowable deformation is extremely small. In 
thecking working stresses for this application, we feel justified in going to the 
ithost refinement in strain measurement. Unless this is done, tests must be 
‘onducted over long periods of time to determine whether or not ‘‘ereep’’ 
is taking place. We are at the same time making short-time tests and trying 


‘0 determine some method of predicting the results now obtained from the 
ong-time tensile test. 
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Items of Interest 


D W. BRUNTON, consulting engineer, Denver, has been named recipient 

* of the William Lawrence Saunders medal and Zay Jeffries, metallurgical 
engineer, Cleveland, recipient of the James Douglas medal, according to an 
announcement of the American Institute of Mining and Metallurgical Ep. 
gineers, under whose direction the awards are made. Presentation cere. 
monies will take place at the annual meeting of the institute in New York 
next February. 

The Saunders medal, established in honor of one cf the institute's 
former presidents and being awarded for the first time, goes to Mr. Brunton 
for development and exposition of the principles and practice of ore samp- 
ling; for systematic daily mapping of mine geology; for the Brunton mining 
compass; and for engineering achievements in connection with modern high- 
speed tunnel driving. 

Dr. Jeffries is the fifth recipient of the Douglas medal and received 
recognition for distinguished achievement in nonferrous metallurgy. His 


DR. ZAY JEFFRIES 
chief achievements are developments of a method for measuring grain siz 


of metals; explanations of the phenomena connected with grain growth in 
and deformation of metals and the effect on their physical properties; de 
velopment of crystal analyses of metals by X-Ray; theory of the causes of 
hardening of metals and alloys, especially steel, and the red hardness ot 
high-speed steel. Aluminum pistons, heat-treated aluminum castings and 
new types of high-strength wrought aluminum alloys are some important 
developments attributed to Dr. Jeffries. 


E. Leitz, Inc., 60 East 10th Street, New York City, has available 
Pamphlet Proj. H. 2180, entitled ‘‘ Profile Drawing and Projecting Apparatus’ 


(Continued on Page 34 Adv. Sec.) 
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ADVERTISING SECTION 33 


Employment Service Bureau 


This bureau is for all members of the Society. Want ads will be printed at 
the following rates: minimum of 30 words $0.50; each additional word $0.02. 
This service is also for employers, whether members of the Society or not. 


Rates for this service are as follows: minimum of 50 words $1.00; each additional 


word $0.02. Fee must accompany copy. 


Address answers care of AMERICAN SOCIETY FOR STEEL TREATING, 
4600 Prospect Ave., Cleveland, unless otherwise stated. 


POSITIONS WANTED 


CHIEF CHEMIST and Engineer of Tests of Class 1 


railroad wishes to become connected with some con- 
cern in which advancement 1s possible. At present 
head of laboratery handling examination of a wide 
range of materials, with special emphasis on steels, 


lubricating oils, and paints. Metallographist. Capa- 
ae rpreting aaa of physical and chemical 
tests, and able to prepare material specifications. 
Knowledge of materials that should be of value in 
ther than testing departments. University graduate. 
{ge 29. Address 1-10. 


METALLURGIST-CHEMIST, familiar with testing 
and heat-treatment of automotive steels, gray iron, 
malleable iron and steel foundry practice, metal- 
lographie research, construction of furnaces, with 9 
years’ experience and capable executive, wants re- 
sponsible position. Address 11-5. 


TECHNICAL GRADUATE, 8. M., in Mechanical En- 
gineering from the Massachusetts Institute of Tech- 
nology, Cambridge, with advanced training in the 
testing, heat treatment and metallography of iron 
ind steel, desires position in a plant or laboratory, 
\ddress 12-15. 


METALLURGIST wants opening in either steel 
mill laboratory or automobile plant research—or 
claim department. Graduate from German college. 





One year’s experience, very best references. 


Address 
12-25. 


Tool hardener with ten years’ experience in hard- 
ening of dies, reamers, broaches, punches, jigs, and 
the heat treating of alloy steels would like position 
with concern in Cleveland, Detroit or Pittsburgh. 
Address 12-30. 


POSITIONS OPEN 


Prominent Eastern Manufacturer of Industrial Gas 
and Oil Furnaces desires representatives in leading 
industrial centers west of Cleveland. Applicants 
should now be selling kindred lines and be_per- 


sonally acquainted with the trade. Commission basis, 
Address 1-5, 


SALES ENGINEER. Wanted live, ambitious, ener- 
getic, hard working young man, preferably under 30 
years of age and preferably one who is a graduate 
mechanical or mining and metallurgical engineer. 
His duties will include sales and engineering cor- 
respondence, also some direct sales work. Fine op- 
portunity for advancement to the right man. Give 


full particulars regarding past experience. Address 
1-15. : 


SALES MANAGER—For Tool Steel Company, manu- 
facturing high speed, alloy and carbon tool steel. 
State age and experience. Address 12-5, 


The Clearing House 


For the Sale of 


{ 1 inch? 
Rates per Insertion { 2 inch 
| 8 inch 


‘There are 12 lines to an inch. 





Used Equipment 


2 times 3 times 4 times 
$ 4.25 $ 4.20 $ 4.00 
8.00 7.75 7.50 
11.50 11.25 11.00 


A charge of 40 cents per line will be made for extra lines. 


WANTED 


WANTED: 
100,000 # 


Used  Reihle 
and 200,000 # 


or Olsen 50,000#, 
Universal testing ma- 


chines, with or without autographic and automatic 


attachments. 
tester. Address 1-20, 





Also one Type 3B Rockwell hardness 
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for testing the profiles of industrial products of all kinds. This new and jy, 
proved contour projector is now on the market. This instrument is not ¢x 
pensive and is within easy means of manufacturing plants. The apparatys 
is of handy design and serves for the exact control of technical profiles sue) 
as small and even minute, components of clockwork movements of watches, fine 
instruments, gears, tools, ete. The apparatus is extremely easy to manage 
and projects upon a surface silhouettes of objects and furnishes a precise 
means of checking the slightest departure from the required standard. 





Fred A. Geier, member A. 8. 8. T., president, Cincinnati Milling Machine 
Co., Cincinnati, has been appointed a member of the board of directors of 
the Cincinnati branch of the Federal Reserve Bank. 





Ambrose Swasey, member A. 8. 8. T., president of Warner & Swasey (Co., 
Cleveland, builder of turret lathes and precision equipment, and renowned 
as the designer and constructor of large telescopes, celebrated his eightieth 
birthday, Dec. 18, at his home in that city. Among the many telegrams and 
messages of congratulations he received was one from his partner, Worcester 
Reed Warner, who was 80 years old last May. 







Harry G. Stoddard, member A. 8. 8. T., treasurer of the Wyman-Gordon 
Co., Worcester, Mass., manufacturer of automobile crankshafts and castings, 
has been named to the directorate of the Liberty Mutual Insurance Co, 











O. K. Parmiter has been appointed metallurgical and sales engineer for 
the Firth-Sterling Steel Company, McKeesport, Pa., and G. J. Comstock, 
formerly metallurgist International Silver Company, has been made director 
of research for the former company. 










R. H. Sperring, formerly district manager of the Hevi Duty Electric 
Company of New York, has sent in his resignation. Up to the present time 
he has made no other arrangements for the future. 
is 25 Church Street, New York City. 

















His present address 


Martin Fleischmann has recently taken charge of the metallurgical 
laboratory of the Union Drawn Steel Company, Beaver Falls, Pa. His ad- 
dress is 3415 Sixth Avenue, Beaver Falls. 


J. H. Ridge has been appointed branch manager of the Pittsburgh 
Branch of The Timken Roller Bearing Service and Sales Company. 





Clyde H. Burgston, member A. S. 8. T., has been promoted to assistant 
superintendent of the Union Malleable Iron Works, East Moline, III. 


The Stanley P. Rockwell Company, of Hartford, Conn., has available the 
following bulletins: No. 2605 A Guide for Those Contemplating the Purchase 
of New Heat-Treating Equipment; No. 2607 The Mystery Taken Out 0! 
Hardening; No. 2609 Why Steel Cracks; 2610A Application of Rockwell 
Dilatometer to Furnaces Other Than Our Own Manufacture; 2610B 4 Few 
Typical Volerit Hardening Curves; and No. 2611 Comparison of Methods of 


Precision Heat-Treatment. Any or all sent gratis upon request. 
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